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L-1 
L-3 
L-9 
L-15 
L-19 


— IN — 

























A. DYNAMIC RAM 


TOSHIBA 


1. Standard DRAM 








Power Dissipation 



Capacity 

Part Number 





Max S/B (mW) 

Pins 

Operating 

Mode 













ITC511000AP/AJ/AZ-70 


70 

20 

130 


440 

HM8B 




TC511000AP/AJ/AZ-80 

1,048,576 X 1 

80 

20 

150 

CMOS 

385 

; ' 

18/26/20 

Fast Page 


TC5110OOAP/AJ/AZ-10 


100 

25 

180 


330 




TC511000APL/AJL/AZL-70 


70 

20 

130 


440 



Fast Page 
Low Power 


TC511000APL/AJL/AZL-80 

1,048,576 X 1 

80 

20 

150 

CMOS 

385 

i.i 

18/26/20 


TC5110OOAPL/AJL/AZL-10 


100 

25 

180 


330 




TC511001AP/AJ/AZ-70 


70 

20 

130 


440 





TC511001AP/AJ/AZ-80 

1,048,576 X 1 

80 

20 

150 

CMOS 

385 

5.5 

18/26/20 

Nibble 


TC511001AP/AJ/AZ-10 


100 

25 

180 


330 





rC511002AP/AJ/AZ-70 


mm 

20 



440 

■■ 




TC511002AP/AJ/AZ-80 

1,048,576 X 1 

El 

20 



385 

1 


1M 

TC511002AP/AJ/AZ-10 


BE2H 

25 

KB 


330 

mm 


Bit 

fC514256AP/AJ/AZ-70 


mm 

20 

mm 


440 





fC514256AP/AJ/AZ-80 

262,144X4 

msm 

20 


CMOS 

385 

5.5 

20/26/20 

Fast Page 


TC514256AP/AJ/AZ-10 



25 

m 


330 






mm 

20 

130 


440 



Fast Page 
Low Power 


FC514256APL/AJ L/AZ L-80 

262,144X4 


20 

150 

CMOS 

385 

1.1 

20/26/20 


FC514256APL/AJL/AZL-10 

BOB 

25 

180 


330 






70 

20 

130 


440 



Fast Page 


TC514266AP/AJ/AZ-80 

262,144X4 

80 

20 

150 

CMOS 

385 

5.5 

20/26/20 

Write- 


TC514266AP/AJ/AZ-10 


100 

25 

180 


330 



Per-Bit 


TC514258AP/AJ/AZ-70 


mm 

25 

130 


440 



Static 

Column 


ITC514258AP/AJ/AZ-80 


mm 

25 

150 

CMOS 

385 

5.5 

20/26/20 


TC514258AP/AJ/AZ-10 


m 

30 

180 


330 




TC514268AP/AJ/AZ-70 


70 





Ml 


Static Col- 


tC514268AP/AJ/AZ-80 

262,144 X 4 

80 






20/26/20 

umn, Write- 


TC514268AP/AJ/AZ-10 


100 





mm 


Per-Bit 


tC514100J/Z-80 

TC514100J/Z-10 

4,194,340 X 1 

80 

100 

20 

25 

150 

180 

CMOS 

550 

468 


26/20 

Fast Page 


TC514101J/Z-80 

TC514101J/Z-10 

4,194,304 X 1 

80 

100 

20 

25 

150 

180 

CMOS 

578 

495 

5.5 

26/20 

Nibble 

Mode 

4M 

TC514102 J/Z-80 
TC514102J/Z-10 

4,194,304 X 1 

80 

100 

20 

25 

150 

180 

CMOS 

550 

468 

5.5 

26/20 

Static 

Column 

Bit 

TC514400J/Z-80 

TC514400J/Z-10 

1,048,576 X 4 

80 

100 

20 

25 

150 

180 

CMOS 

578 

495 

m 

26/20 

Fast Page 


TC514402J/Z-80 

TC514402J/Z-10 

1,048,576 X 4 

80 

100 

20 

25 

150 

180 

CMOS 

578 

495 

5.5 




TC514410J/Z-80 

TC514410J/Z-10 

1,048,576 X 4 

80 

100 

20 

25 

150 

180 

CMOS 

578 

495 

5.5 

26/20 

Write-Per-Bit 
Fast Page 








































































TOSHIBA 


2. CMOS Video Ram 


Capacity 

Part Number 

Organization 

Random 

Access 

(ns) 

TRAC 

Serial 

Port 

Time 

Serial 

Port 

Access 

Cycle 

Time 

Power Dissipation 
Max S/B (mW) 

Pins 

Operating 

(ns) 

TCAC 

Time 

(ns) 

(ns) 

Active 

Standby 



TC521000P/J 

32K X 8 X 4 



20 

190 

180 

550 

110 

40/40 

Serial-In 

Serial-Out 


TC524256P/Z/J-10 

RAM PORT: 262,144 X 4 

100 

50 

25 

190 

550 

110 

28/28/32 

Random Port 


TC524256P/Z/J-12 

SAM Port: 512 X 4 

120 

60 

35 

220 

495 



Page Mode 
Write-Per-Bit 











Serial Port 

1M 










Serial Input 
Serial Output 

Bit 

TC524257P/Z/J-10 

RAM Port: 262,144X4 

100 

50 

25 

190 

550 

110 

28/28/32 

Random Port 


TC524257P/Z/J-12 

SAM Port: 512 X 4 

120 

60 

35 

220 

495 



Page Mode 
Write-Per-Bit 











Serial Port 











Serial Input 
Serial Output 











With Raster 
Operation 


NOTE: Package P: Plastic Dip Z: Plastic Zip J: SOJ 




3. DRAM Modules 


TOSHIBA 


Organization 

Part Number 

Access Time 
(ns) TRAC 

Pins 

Assembly 

Side 

Pin Type 

Height 
Max (mm) 

Comments 


THM810O0AS-70 

70 







THM81000AS-80 

80 



Socket 

20.45 



THM81000AS-10 

100 


Single 












THM81000AL-70 

70 






1M X 8 

THM81000AL-80 

80 



Pin 

22.60 

Fast Page 


THM81000AL-10 

100 







70 








80 

30 

Double 

Pin 

12.64 




100 







THM91000AS-70 








THM91000AS-80 




Socket 

20.45 



THM91000AS-70 

mzm 





Fast Page 








THM91000AL-70 







1M X 9 

THM91OOOAL-80 





22.60 



THM91000AL-10 








THM91010AS-70 

70 







THM91010AS-80 

80 







THM91010AS-10 

100 





Fast Page 









THM91020AL-70 

70 






THM91020AL-80 

80 



Pin 

12.64 



THM91020AL-10 

100 














256K X 36 






25.4 







Socket 


Fast Page 








70 





512KX36 


80 


Double 


25.4 



THM365120AS-10 

100 







3 




























TOSHIBA 


B. STATIC RAMS 

1. Standard SRAM 


Capacity 

Part Number 

Organi¬ 

zation 

Access Time 
Max (ns) 

Cycle Time 
Min (ns) 

Process 

Power Dissipation Max (mW) 

Pins 

Package 
Width (inch) 









TC5563APL-10 


100 

100 






64K Bit 

TC5563APL-12 


120 

120 



0.55 




TC5563APL-15 


150 

150 

CMOS 

220 


28 

0.3 







TC5563APL-10L 










TC5563APL-12L 






0.165 




TC5563APL-15L 


hBqjHI 








TC5565APL/AFL-10 


WBSM 

■ 







TC5565APL/AFL-12 






■■■■1 




TC5565APL/AFL-15 

8,192 X 8 


msm 


220 

■ ■ 


0.6 (P) 

0.45 (F) 





UMUO 




TC5565APL/AFL-1OL 








TC5565APL/AFL-12L 










TC5565APL/AFL-15L 



BHmmH 



■ 




TC55257APL/AFL-85 


85 




■ ■ 




TC55257APL/AFL-10 


100 




1 




TC55257APL/AFL-12 


120 




■ 




TC55257BPL/BFL/BSPL-70 


70 






0.6 (P) 


TC55257BPL/BFL/BSPL-85 

32,768 X 8 

85 


CMOS 

330 

■ 

28 


TC55257BPL/BFL/BSPL-10 

100 



0.45 (F) 

0.3 (SP) 











TC55257APL/AFL-85L 


85 








TC55257APL./AFL-1 OL 


100 







265K Bit 

TC55257APL/AFL-12L 


120 







TC55256PL/FL-10 


■ryusi 

■ 





0.6 (P) 

0.45 (F) 



TC55256PL/FL-12 

32,768 X 8 



CMOS 

330 

0.005 

28 


TC55256PL/FL-15 


■EH 






TC55258PL/FL-10 


|BESH 

■[■I 





0.6 (P) 

0.45 (F) 


TC55258PL/FL-12 

32,768 X 8 


, . . ■ 

CMOS 

330 

0.005 



TC55258PL/FL-15 









TC551001PL/FL-70 


70 

70 





0.6 (P) 

0.45 (F) 

1M Bit 

TC551001PL/FL-85 

131,072X8 

85 

85 

CMOS 

330 

0.55 

32 


TC551001PL/FL-10 

100 

100 






Note: Package Material: P-Plastic Dip F-Flat Package (SOP) SP-Skinny Plastic Dip 


4 



















































2. CMOS Pseudo Static RAM 


TOSHIBA 





Access 

Cycle 

Power Dissipation 


Package 

Width 


Capacity 

Part Number 

Organization 


111 

Max S/B (mW) 

Pins 

Comment 



(Inch) 


TC51832P/SP/F-85 


85 

135 

303 






TC51832P/SP/F-10 


100 

160 

248 

5.5 





TC51832P/SP/F-12 

32,768 X 8 

120 

190 

220 



0.6 (P) 












TC51832PL/SPL/FL-85 


85 

flEE&H 

303 



0.3 (SP) 



TC51832PL/SPL/FL-10 


100 


248 



0.45 (F) 

Low Power 


TC51832PL/SPL/FL-12 


120 

190 

220 






TC518128AP/ASP/AF-80 


80 

130 


■ 


0.6 (P) 

With 

CET/CE2 


TC518128 AP/ASP/AF-10 

131,072 X8 

100 

160 



32 

0.3 (SP) 


TC518128AP/ASP/AF-12 


120 

190 


n 


0.45 (F) 


TC518128APL/ASPL/AFL-80 


80 

130 

385 



0.6 (P) 

With CE1/CE2 


TC518128APL/ASPL/AFL-10 

131,072 X 8 

100 

160 

330 

1.1 

32 

0.3 (SP) 

And Low 


TC618128 APLyASPL/AFL-12 


120 

190 

275 



0.45(F) 

Power 

1 

TC518129AP/ASP/AF-80 


80 

130 

385 



0.6 (P) 



TC518129 AP/ASP/AF* 10 

131,072 X 8 

100 

160 

330 

5.5 

32 

0.3 (SP) 

With CE/CS 


TC518129AP/ASP/AF-12 


120 

190 

275 



0.45 (F) 



TC518129 APL/ASPL/AFL-80 


80 

130 

385 



0.6 (P) 

With CE/CS 


TCS18129 APL/ASPL/AFL-10 

131,072 X 8 

100 

160 

330 

1.1 

32 

0.3 (SP) 

And Low 


TC518129APL/ASPL/AFL-12 


120 

190 

275 

_ 



0.45(F) 

Power 


3. High Speed Static RAM 


Capacity 

Part Number 

Organization 
And Process 

Access 

Time 

Max 

(ns) 

Cycle 

Time 

Min 

(ns) 

Power 

Supply 

Power Dissipation 

Max (mW) 


Package 

Width 

(Inch) 

Comment 

Active 

Standby 

16K Bit 

TMM2018P-25 

TMM2018P-35 

TMM2018P-45 

2,048 X 8 
NMOS 

25 

35 

45 

25 

35 

45 

5V±10% 

825 

742.5 

742.5 

5.5 

24 

0.3 


64K Bit 

TC5561P/J-35 

TC5561P/J-45 

TC5561P/J-70 

65,536 X 1 
CMOS 

35 

45 

70 

35 

45 

70 

5V±10% 

550 

0.55 

22 <P) 
24 (J) 

0.3 (P) 

0.3 (J) 

Low Power 

TC5562P/J-35 
TC5562P/J-45 
TC5562P/J-70 

65,536 X 1 
CMOS 

35 

45 

70 

35 

45 

70 

5V±10% 

550 

5.5 

22 (P) 
24 (J) 

0.3 (P) 

0.3 (J) 


TC55416P-20 

TC55416P-25 

TC55416P-35 

16,384 X 4 
CMOS 

20 

25 

35 

20 

25 

35 

5V±5% 

5V±10% 

5V±10% 

660 

660 

550 

5.5 

22 <P) 
24 (J) 

0.3 (P) 


TC55416P-15H 

TC55416P-20H 

16,384X4 

CMOS 

15 

20 

15 

20 

5V±10% 

5V±10% 

660 

550 

5.5 

22 

0.3 


TC55417P/J-20 
TC55417P/J-25 
TC55417P/J-35 

16,384 X4 
CMOS 

20 

25 

35 

20 

25 

35 

5V±5% 

5V±10% 

5V±10% 

660 

660 

550 

5.5 

22 (P) 
24 (J) 

0.3 (P) 

0.3 (J) 

WithOE 

TC55417P/J-15H 
TC55417P/J-20H 

16,384 X4 
CMOS 

15 

20 

15 

20 

5V±10% 

5V±10% 

550 

550 

5.5 

24 

0.3 <P) 

0.3 (J) 

With OE 

TC5588P/J-15 

TC5588P/J-20 

TC5588P/J-25 

8,192 X 8 
CMOS 

15 

20 

25 

15 

20 

25 

5V±10% 

660 

550 

550 

5.5 

28 

0.3 (P) 

0.3 (J) 

With CE1 
And CE2 



8,192 X 9 
CMOS 

15 

20 

25 

15 

20 

25 

5V±10% 

660 

550 

550 

5.5 

28 

0.3 (P) 

0.3 (J) 

With CE1 
And CE2 

256K Bit 

TC55464P/J-20 

TC55464P/J-2 5 
TC55464P/J-35 

65,536 X 4 
CMOS 

20 

25 

35 


5V±10% 



24 

0.3 (P) 

0.3 (J) 


TC55465P/J-20 

TC55465P/J-25 

TC55465P/J-35 

65,536 X 4 
CMOS 

20 

25 

35 

20 

25 

35 

5V±10% 

El 


28 

0.3 (P) 

0.3 (J) 

WithOE 

TC55328P/J-20 

TC55328P/J-25 

TC55328P/J-35 

32,768 X 8 
CMOS 

20 

25 

35 

20 

25 

35 

5V±10% 


| 

28 

0.3 (P) 

0.3 (J) 


288K Bit 

TC55329P/J-20 

TC55329P/J-25 

TC55329P/J-35 

32,768 X 9 
CMOS 

20 

25 

35 

20 

25 

35 

5V±10% 

660 

660 

550 

5.5 

32 

0.3 (P) 

0.3 (J) 

With CE1 
And CE2 


Note: Package Material: P-Plasiic Dip F-Flat Package (SOP) SP-Slim Plastic Dip 


5 

































TOSHIBA 


C. Non-volatile 

1. Standard EPROM 





Access 

Cycle 

Power 

Supply 

(V) 


Power Dissipation 


Program¬ 

ming 

Algorithm 

Capacity 

Part Number 

Organization 
& Process 

Time 

Max 

(ns) 

Time 

Min 

(ns) 

Temperature 
Range (C) 

Max (mW) 

Pins 


Active 

Standby 


TMM27256BD-15 


150 

150 


0-70 

525 

158 




TMM27256BD-20 


200 

200 




256K 

TMM27256BDI-15 
TMM27256BDI-20 

32,768 X 8 
NMOS 

150 

200 

150 

200 

5V± 5% 

-40 - 85 

630 

184 

28 

1 or II 


TC57256AD-12 

32,768 X 8 
CMOS 

120 

120 








TC57256AD-15 

150 

150 


0-70 

158 

0.525 




TC57256AD-20 

200 

200 








TMM27512AD-17 


170 

170 



630 

184 




TMM27512AD-20 


200 

200 

5V±5% 

0-70 

630 

184 

28 

1 or II 


TMM27512AD-25 


250 

250 



630 

184 



512K Bit 

TMM27512AD-200 
TMM27512AD-250 

65,536 X 8 

200 

250 

200 

250 

5V±10% 

0-70 

715 

715 

220 

220 

28 

1 or II 













TMM27512ADI-20 
TMM27512ADI-25 


200 

250 

200 

250 

5V±5% 

-40 - 85 

683 

683 

210 

210 

28 

1 or II 


TC57512AD-15 
TC57512AD-20 

65,536 X 8 
CMOS 

150 

200 

150 

200 

5V±5% 

0-70 

158 

158 

0.525 

28 

lor II 


TC571000D-15 

131,072X8 

CMOS 

150 

150 


0-70 

158 

0.525 




TC571000D-20 

200 

200 

5V±5% 

-40 - 85 

158 

0.525 

32 

II 


TC571000D-25 

250 

250 


-40 - 85 

158 

0.525 




TC571000D-200 


200 

200 

5V±10% 

0-70 

165 

0.55 

32 

II 


TC571001D-15 

131,072X8 

CMOS 

150 

150 


0-70 

158 

0.525 




TC571001D-20 

200 

200 


-40 - 85 

158 

0.525 

32 

II 


TC571001D-25 

250 

250 


-40 - 85 

158 

0.525 






200 

200 

5V±10% 

0-70 

165 

0.55 

32 

II 


TC571024D-15 

65,536 X 16 
CMOS 

150 

150 


0-70 

158 

0.525 




TC571024D-20 

200 

200 

5V±5% 

-40 - 85 

158 

0.525 

40 

II 


TC571024D-25 

250 

250 


-40 - 85 

158 

0.525 




TC571024D-200 


200 

200 

5V±10% 

-40 - 85 

220 

0.55 

40 

II 
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2. High Speed Eprom 


TOSHIBA 





Access 

Cycle 



Power Dissipation 


Program¬ 

ming 

Algorithm 

Capacity 

Part Number 

Organization 
& Process 

Time 

Max 

Time 

Min 

Power 

Supply 

Temperature 
Range (C) 

Max (mW) 

Pins 






(ns) 

(ns) 


Active 

Standby 




32,768 X 8 

70 

70 

5V±5% 

0-70 

210 

0.525 

28 

lor II 


CMOS 

85 

85 

5V±10% 

220 

0.55 


TC57 H1024D-85 

65,536 X 16 
CMOS 

85 

85 

5V±5% 


210 

0.525 



1M Bit 

TC57H1024D-10 

100 

100 

5V±5% 

0-70 

210 

0.525 

40 



TC57H1024D-100 

100 

100 

5V±10% 


275 

0.55 


■ 


3. Flash EEPROM 


Capacity 

Part Number 

Organization 

Access 

Time 

Max 

(ns) 

Cycle 

Time 

Min 

(ns) 

Power 

Supply 

Temperature 
Range (C) 

Power Dissipation 

Max (mW) 

Pins 

Program¬ 
ming & 

Active 

Standby 

Erase 

Voltage 


TC58257AP-17LV 


170 

170 






12.0V 

±0.5 

256K Bit 

TC58257AP-20LV 

TC58257AP-25LV 

65,536 X 8 

200 

250 

200 

250 

5V±10% 

0-70 

165 

0.55 

28 


4. One Time PROM 


Capacity 

Type No. 

Organ¬ 
ization 
& Process 

Access 

Time 

Max 

(ns) 

Cycle 

Time 

Min 

(ns) 

Power 

Supply 

(V) 

Temper¬ 
ature 
Range (C) 

Power Dissipation 

Max (mW) 

Pins 

Program¬ 

ming 

Algothrim 

Active 

Standby 

256K Bit 

TMM24256BP/BF-17 
TMM24256BP/BF-20 

32,768 X 8 
NMOS 

170 

200 

170 

200 

5V±5% 

0-70 

525 

158 

28 

1 or II 

TC54256AP/AF-150 

32,768 X 8 
CMOS 

150 

150 

5V±10% 

-40 - 85 

165 

.55 

512KBit 

; 

TMM24512AP/AF-20 
TMM24512AP/AF-25 

65,536 X 8 
NMOS 

200 

250 

200 

250 

5V±5% 

0-70 

630 

184 

28 

1 or II 

TC54512AP/AF-17 
TC54512AP/AF-20 

65,536 X 8 
CMOS 

170 

200 

170 

200 

-40 - 85 

158 

0.525 

1M Bit 

TC541Q00P/F-20 

TC541000P/F-25 

131,072 X 8 
CMOS 

200 

250 

200 

250 

5V±5% 

-40 - 85 

158 

0.525 

32 

II 

TC541001 P/F-20 
TC541001 P/F-25 

200 

250 

200 

250 

TC541024P-20 

TC541024P-25 

65,536 X 16 
CMOS 

200 

250 

200 

250 

40 


5. Mask ROM 


Capacity 

Type No. 

Organization 

Access 

Time 

Max 

(ns) 


Process 

Power Dissipation 

Max (mW) 


Active 

Standby 

1M Bit 

TC531000CP/CF-12 
TC531000CP/CF-15 

131,072 X 8 

120 

150 

120 

150 

CMOS 

220 

193 

0.11 

28 

TG531001 CP 

150 

150 

193 

TC531024P-12 

TC531024P-15 

65,536 X 16 

120 

150 

120 

150 

220 

193 

0.11 

0.11 

40 

40 

4M Bit 

TC534000P 

524,288 X 8 

250 

250 

CMOS 

220 

0.11 

32 


Note: Package Type: P:Plastic Dip F: Flat Package (SOP) 
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TOSHIBA 


1. IMxl CMOS Dynamic RAM 


Organization 

1MBX (Fast page mode) 

1MBX1 (Nibble mode) 

1MBX1 (Static Column Mode) 

SUPPLIER 

PART# 

PART# 

PART# 

TOSHIBA 

TC511000 

TC511001 

TC511002 

FUJITSU 

MB81C1000 

MB81C1001 

MB81C1002 

HITACHI 

HM511000 

HM511001 

HM511002 

MITSUBISHI 

M5M4C1000 

M5M4C1001 

M5M4C1002 

NEC 

ix PD421000 

(i PD421001 

/x PD421002 

Tl 

TMS4C1024 

TMS4C1025 

TMS4C1027 

NMB 

AAAI Ml 00 

AAA1M101 

AAAI Ml02 

SAMSUNG 

KM41C1000 

KM41C1001 

KM41C1002 

OKI 

MSM511000 

MSM511001 

MSM511002 

MOTOROLA 

MCM511000 

MCM511001 

MCM511002 

MICRON 

MT4C1024 



SIEMENS 

HYB511000 


HYB511002 

VITELIC 

V51C1000 



HYUNDAI 

HY51C100 




2. 256KX4 CMOS Dynamic RAM 


Organization 

256KX4 (Fast page mode) 

256KX4 (Static column mode) 

256KX4 (Fast page, WPB) 

256KX4 (Static column, WPB) 

SUPPLIER 

PART# 

PART# 

PART# 

PART# 

TOSHIBA 

TC514256 

TC514258 

TC514266A 

TC514268A 

FUJITSU 

MB81C4256 

- 



HITACHI 

HM514256 

HM514258 




M5M44C256 

M5M44C258 



NEC 

ix PD424256 

li PD424258 



Tl 

TMS44C256 

TMS44C257 



SHARP 

LH64256 

LH64258 



NMB 

AAAI Ml 04 

AAA1M105 



OKI 

MSM514256 

MSM514258 



MOTOROLA 

MCM514256 

MCM514258 



MICRON 

MT4C4256 





3. 256KX4 CMOS Video RAM 


Organization 

256KX4 (w/O Raster) 

256KX4 (w/Raster) 

256KX4 (Field Memory) 

SUPPLIER 

PART# 

PART# 

PART# 

TOSHIBA 

TC524256 

TC524257 

TC521000 

FUJITSU 

MB81C4251 

MB81C4252 


MITSUBISHI 

M5M442256 



HITACHI 

HM534251 

HM534252 


Tl 

TMS44C251 



NEC 

jut PD42274 
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4. DRAM Hybrid Module 


TOSHIBA 


Organization 

1MX8 

1MX8 (Low Profile) 

1 MX9 

1 MX9 (Common I/O) 

TOSHIBA 

THM81000A 

THM81020A 

THM91000A 

THM91010A 

HITACHI 

HB56A18 


HB56A19 


MITSUBISHI 

MH1M08 


MH1M09J 


OKI 

MSC2311Y8/K58 


MSC2310Y59/K59 


MICRON 

MT8C8024 


MT8C9024 


NEC 

MC421000A8 


MC421000A9 


Tl 

TM024GAD8 


TM024GAD9 



Organization 

1MX9 (Low Profile) 

256KX36 

512KX36 

TOSHIBA 

THM91020A 

THM362500A 

THM365120A 


5. Standard CMOS Static RAM 


Organization 

8KX8 


32KX8 

128KX8 

Package Width 

0.6 inch/0.45 inch/0.3 inch 

0.6 inch/0.45 inch 

TOSHIBA 

TC5565APL/AFL 

TC5568APL 

TC55257AP/AF 

TC55256PL/FL 

TC551001 P/F 

FUJITSU 

MB8464 


MB84256 



HITACHI 

HM6264 

HM6264ASP 

HM6256 



MITSUBISHI 

M5M5165 


M5M5256 


M5M51000 

NEC 

uPD4364C 

u PD4364CX 

UPD43256 

uPD44256 


OKI 

MSM5165 





IDT 

IDT7164 





VITELIC 






SAMSUNG 

KM6264 





SMOS 

SRM2264 


SRM20256 



GE/RCA 

CDM6264 





MOTOROLA 

MCM6064 


MCM60256 



THOMSON 

MK48Z08 





INOVA 





S128K8 
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TOSHIBA 


6. CMOS Pseudo Static RAM 


Organization 

32KX8 

128KX8 1 

Package Width 

0.6 inch/0.3 inch/0.45 inch 

0.6 inch/0.3 inch/0.45 inch 

0.6 inch/0.3 inch/0.45 inch 

TOSHIBA 

TC51832P/PL/SP/SPL/F/FL 

TC518128AP/APL/ASP/ASPL/AF/AFL 

T C518129AP/APL/ASP/ASPL/AF/AFL 

HITACHI 

HM65256 


HM658128 

NEC 

H PD42832 

ft PD428128 


SHARP 

LH62258 




7. High-Speed Static RAM - Common I/O (I) 


Organization 

2KX8 

8KX8 

8K x 9 

64K X 1 

16K X 4 (W/O OE) 

16K X 4 (w/OE) 

Type 

NMOS 



CMOS 

Package Width 

0.3 inch 1 

TOSHIBA 

TMM2018AP 

TCC5588 

TCC5589 

TC5561/2 

TC55416 

TC55417 

FUJITSU 


MB81C78 

MB81C79 

MB81C71A 

MB81C74 

MB81C75 

HITACHI 




HM6287 

HM6288 


CYPRESS 


CY7C185 

CY7C186 

CY7C187 

CY7C164 

CY7C166 

MITSUBISHI 


M5M5178 

M5M5179 

M5M5187 

M5M5188 

M5M5189 

MOTOROLA 

MCM2016H/18 

MCM6264 


MCM6287 

MCM6288/9 

MCM6290 

INMOS 


IMS 1630 


IMS1600/1 

IMS1620 

IMS1624 

IDT 


IDT7164 


IDT7187 

IDT7188 

IDT7198 

NEC 




ft PD4361 

ft PD4362 

H PD4363 

OKI 





MSM5188US 


SARATOGA 


SSM7164 

SSM7169 

SSM7187 

SSM7188 

SSM7166 

PERFORMANCE 


P4C164 


P4C187 

P4C188 

P4C198 

AMD 

AM9128 

AM99C88H 


1 1 

M 1 


VTI 


VT20C98 

VT8K9 


VT62KS4 


THOMSON 


MK48H65 


MKB41H87 



HYUNDAI 


HY62C64 


HY62C88 



GOLDSTAR 




GM76C64 

GM76C164 


MICRON 


MT5C6408 


MT5C6401 

MT5C6404 

MT5C6405 
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8. High-Speed Static RAM - Common I/O (II) 


TOSHIBA 


64K X 4 (W/O OE) 64KX4(W/OE) 


32KX9 


















TOSHIBA 


9. Standard EPROM/OTP (1) 


Organization 

32KX8 

84KX8 

EPROM/OTP 

EPROM 

OTP 

EPROM 

OTP 

Process 

NMOS 

CMOS 

NMOS 

CMOS 

NMOS 

CMOS 

NMOS 

CMOS 

TOSHIBA 

TMM27256BD 

TC57256AD 

TMM24256BP/BF 

TC542568P/BF 

TMM27512AD/DI 

TC57512AD 

TMM24512AP/AF 

TC54512AP/AF 

AMD 

Am27256 




Am27612 




ATMEL 


AT27C256 




AT27C512 



FUJITSU 

MBM272S6 

MBM27C256 




MBM27C512 



6 . 1 . 

27256 

27C256 




27C612 



INTEL 

(27256 

(27C256 

P27256A 

P27C256 

127512 


P27512 


MITSUBISHI 

M5L27256K 

M5M27C256 

M5M272S6P 

M5M27C256P 

M5M27512 

M5M27512P 



NEC 

fi PD27256 

M PD27C256A 

H PD27250C 

fi PD27C266C 


tt PD27C512 



OKI 


MSM27C256 



MSM28512 




HITACHI 

HN272566 

HN27C256G 

HN4827256P 


HN275126 




T.l. 


TMS27C256 


TMS27PC256 


TMS27C512 


TMS27PG512 

NSC 


NMC27C266 




NMC27C512 




10. Standard EPROM/OTP (II) 


Organization 

128KX8 i 

64KX16 

EPROM/OTP 

EPROM 

OTP 

EPROM 

Process 

CMOS 

CMOS 

TOSHIBA 

TC5710000 

TC571001D 

TC541000P 

TC541001P 

TC571024D 

FUJITSU 

MBM27C1000 

MBM27C1001 



MBM27C1028 

HITACHI 

HN27C101 

HN27C301 




INTEL 

27010 




27210 

MITSUBISHI 

M5M27C100 

M5M27C101 



M5M27C102 

NEC 

uPD27C1000 

uPD27C1001 



uPD27C1024 

OKI 

MSM271000 





NSC 

NMC27C1023 




NMC27C1024 

T.l. 

TMS27C010 




TMS27C210 

ATMEL 

AT27C010 




AT27C1024 

AMD 





Am27C1024 
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TOSHIBA 


11. High-Speed CMOS EPROM 


Organization 

32K X 8 

64K X 16 

Supplier 

Part # 

Part # 

TOSHIBA 

TC57H256D 

TC57H1024D 

ATMEL 

AT27H256 

AT27C1024 

G.l. 

27HC256 


HITACHI 

HN27C256H 


WAFERSCALE 

WS57C256 

WS57C210F 

12. Flash Electrically - Erasable (CMOS) PROM 

Organization 

32K X 8 


Supplier 

Part # 


TOSHIBA 

TC58257AP/AF 


INTEL 

28F256 


13. CMOS MROM 




Organization 

128K X 8 

512K X 8 


TOSHIBA 

TC531000AP/AF 

TC531001AP/AF 

TC534000P 

Tl 

TMS47C1024 



FUJITSU 

MB831124 



HITACHI 

HN62301 



MOTOROLA 




MITSUBISHI 

M5M23C100 


M5M23C400 

NEC 

UPD23C1000 

UPD23C1001 

u PD23C4001 

OKI 

MSM531000 



Gl 

RO9100XD 
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TOSHIBA 


MEMORY SELECTION GUIDE (1) — ACCESS TIME VS. CAPACITY 

'Preliminary 





TC58257A-25LV 


TMM27512A-25 

TMM24512A-25 

TC571000/1-25 

TC571024-25 

TC541000/1-25 

TC534000 




TC58257A-17/20 
TC57256A-20 
TMM27256B-20 
TC57256A-20 

TMM24256B-17/20 


TMM27512A-20 

TMM24512A-20 

TC57512A-20 

TC571000/1 -20 

TC571024-20 

TC541000/1-20/200 



TC5563A-12/15 

TC5565A-12/15 


TC55257A 12 

TC55256-12/15 
TC51832-12 
TMM27256B-15 
TC57256A-12/15 

TC55256-12 

TC54256A-15 


TMM27512AV-15 

TC57512A-15 

TC54256-12 

TC524257-12 

TC518128-12 

TC518129-12 

TC571000/1-15 

TC531000/1A 

TC571024-15 



TC5563A-10 

TC5565A-10 

TC5561-55/70 

_ 

TC55257A-85/10 

TC57H256-70/85 

TC55257B-70/85 

TC55256-10 

TC51832-85/10 



TC511000-70/80/10 

TC511001-70/80/10 

TC511002-70/80/10 

TC514256-70/80/10 

TC514266-70/80/10 

TC514258-70/80/10 

TC514268-70/80/10 
TC524256-10 

TC524257-10 

TC551001-70/80/10 

TC518128-80/10 
TC518129-80/10 

TC5i7H 1024-85/10/100 

TC514100-80/10 

TC514101-80/10 

TC514102-80/10 

TC514400-80/10 

TC514402-80/10 

TC514410-80/10 

TMM2018A-25/35 

TC588-15/20/25 
TC5561-45 

TC5562-35/45 

T C55416-15/20/25/35 
TC55417-15/20/25/35 

TC5589 1 5/20/25 

TC55464-20/25/35 

TC55465-20/25/35 

TC55328-20/25/35 

TC55329-20/25/35 


TC521000 



16KBit 64K Bit 72KBit 256KBit 288KBit 512KBit 1MBit 4MBit 
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TOSHIBA 


MEMORY SELECTION GUIDE (2) - TYPE OF MEMORY VS. CAPACITY ‘Preliminary 


Memory 

Type 

Memory Capacity | 

16KBit 

64K Bit 

T2K Bit 

256K Bit 

288K Bit 

512KBit 

1 M Bit 

4M Bit 

RAM 

CMOS Dynamic RAM 







TC61 lOOOAP/AJ/AZ 
TC511001AP/AJ/AZ 
TC511002AP/AJ/AZ 
TC514256AP/AJ/AZ 
TC514266AP/AJ/AZ 
TC514258AP/AJ/AZ 
TC514268AP/AJ/AZ 
TC524256P/J/Z 
TC524257P/J/Z 
TC521000P/J 

TC514100J/Z 
TC514101J/Z 
TC514102J/Z 

TC514400J/Z 

TC514402J/Z 
TC514410J/Z 

NMOS Static Ram 

TMM2018AP 









; CMOS Static RAM 


TC5563APL 

TC5S65APL/AFL 

TC5561P/J 

TC5562P/J 

TC55416P 

TC55417P/J 
TC5588P/J 

TC5589P/J 

TC55257AP/AF 

TC55257BP/BF/BSP 

TC55256P/F 

TC51832P/SP/F 

TC51832PL/SPL/FL 

TC55464P/J 

TC55465P/J 

TC55328P/J 

TC55329P/J 


TC518128AP/AF 

TC518129AP/AF 
TC551001 PL/FL 



NMOS EPROM 




TMM27266BD/BDI 


TMM27512AD/ADI 




CMOS FEEPROM 




TC58257AP/AF 






CMOS EPROM 




TC57256AD 

TC57H256D 


TC57512AD 

TC571000/1D 

TC571024D 

TC57H1024D 


ROM 

CMOS Mask ROM 







TC531000/1CP/CF 

TC534000P 


l NMOS OTP 




TMM24258BP/BF 


TMM24512AP/AF 




CMOS OTP 




TC64256AP/AF 



TC541000/1-P 



A C 




TOSHIBA 


MEMORY SELECTION GUIDE (3) - WORD BY BIT 


Word Bit 

1 

4 

8 

9 

16 

2K 



TMM2018AP 



8K 



TC5563APL 

TC5565APL/AFL 

TC5588P/J 

TC5589P/J 


16K 


TC55416P 

TC55417P/J 




32K 



TC55256P/F TMM27256BD/BDI 

TC55257AP/AFL TC57256AD 

TC55257BP/BF/BSP TC57H256D 

TC51832P/SP/F TC58257AP/AF 

TC54256AP/AF 

TMM24256BP/BF 



64 K 

TC5661P/J 

TC5562P/J 


TMM24512AP/AF TC57512AD 

TMM27512AD/ADI 


TC571024D 

TC57H1024D 

TC531024D 

128K 



TC518128AP/AF 

TC518129AP/AF 

TC551001P 

TC571000/ID 

TC541000/1P 

TC571024D 

TC531000CP/CF 

TC531001CP 



256K 


TC514256AP/AJ/AZ 

TC514258AP/AJ/AZ 

TC514266AP/AJ/AZ 

TC515268AP/AJ/AZ 

TC524256P/J/Z 

TC524257P/J/Z 

TC521000P 




512K 



TC634000P 



1M 

TC5110OOAP/AJ/AZ 

TC511001AP/AJ/AZ 

TC511002AP/AJ/AZ 

TC514400J/Z 

TC514402J/Z 

TC514410J/Z 




4M 

TC514100J/Z 

TC514101J/Z 

TC514102J/Z 






MEMORY SELECTION GUIDE (4) - HIGH DENSITY PACKAGE 


Package 

SOJ 

ZIP 

SOG | 

Pin 

24 

26/20 

28 

32 

16 

20/19 

28 

28 

32 

Dynamic 

RAM 

1M 


TC511000AJ 
TC511001AJ 
TC511002AJ 
TC514256AJ 
TC514258AJ 
TC614266AJ 
TC514268AJ 




TC511000AZ 
TC511001AZ 
TC511002AZ 
TC614256AZ 
TC614268AZ 
TC514266AZ 
TC614268AZ 





4M 


TC514100J 

TC514101J 

TC514102J 

TC514400J 

TC514402J 

TC514410J 




TC514100Z 

TC514101Z 

TC514102Z 

TC514400Z 

TC514402Z 

TC514410Z 





64K 

TC5561J 

TC5562J 

TC5417J 


TC5588J 





mm 

pMUfl 

Static 

72K 



TC5589J 






H H 

RAM 

256K 

TC5464J 


TC55465J 

TC55328J 

TC55329J 




TC5256FL 

TC55257AFL 












TC518128FL 

TC551001F 


■ 








TC531000AF 

maamm 

— 


■Hi 







TMM24256AF/BF 

TC54256AF 


■Hi 


■ 







TMM24512F/AF 


VRAM 

1M 




TC624256J 

TC524267J 



TC524256Z 

TC524257Z 
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TOSHIBA 


TOSHIBA BYTE-WIDE MEMORY PIN OUT FOR 28/32 PIN DEVICES 























512K 256K 72K 64K 16K 16K fe4K 72K 256K 512K 


TOSHIBA 


TOSHIBA BYTE-WIDE MEMORY PIN OUT FOR 24/28 PIN DEVICES 


1M 

BIT 

MROM 

TC531000 





i 

l i 

<t 

2 J 


1 

1 

1 

1 

1 



OTP 

TMM24512/TC54512 
















03 

to 

EPROM 

TMM27512/TC57512 

















FEEPROM 

TC58257 
















^ j 

OTP 

TC54256/TMM24256 

















EPROM 

TC57256/TMM27256 


<F 














CRAM 

TC55257/TC55256 


CC 






IS 

3 " Q° 

3° 


_oo 

72 K 
BIT 

H.S. SRAM 

TMM2089/TC5589 


|uj 

C 

3 

? <£“ 


< 
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TOSHIBA MOS MEMORY PRODUCTS 


TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC5110OOAP/AJ/AZ-10 

DESCRIPTION 

The TC511000AP/AJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 
1 bit. The TC511000AP/AJ/AZ utilizes TOSHIBA* s CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC511000AP/AJ/AZ to be 
packaged in a standard 18 pin plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic 
ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10% tolerance, direct interfacing capability with high per¬ 
formance logic families such as Schottky TTL. 


FEATURES 


• 1,048,576 word by 1 bit organization 

• Fast access time and cycle time 



TC5i2 000 

AP/AJ/AZ- 

70/80/10 

11 RAC 

RAS Access Time 

70ns 

80ns 

100ns 

C AA 

Column Address 
Access Time 

35ns 

40ns 

50ns 

c CAC 

CAS Access Time 

20ns 

20ns 

25ns 

rt 

O 

Cycle Time 

130ns 

150ns 

180ns 

tpc 

Fast Page Mode 
Cycle Time 

40ns 

45ns 

i 55ns 

• Single power supply 

of 5V±10 

with a 

built- 


in V BB generator 


PIN CONNECTION 

Plastic DIP Plastic SOJ Plastic ZIP 



• Low Power 

440mW MAX. Operating(TC511000AP/AJ/AZ-70) 
385mW MAX. Operating(TC511000AP/AJ/AZ-80) 
330mW MAX. Operating(TC511000AP/AJ/AZ-10) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows 

two-dimensional chip selection 

• Common I/O capability using "EARLY WRITE" 

operation 

• Read-Modify-Write, CAS before RAS refresh, 

RAS-only refresh, Hidden refresh, Fast 
Page Mode and Test Mode capability 

• All inputs and output TTL compatible 

• 512 refresh cycles/8ms 

• Package Plastic DIP: TC511000AP 

Plastic SOJ: TC511000AJ 
Plastic ZIP: TC511000AZ 


BLOCK DIAGRAM 
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC5110OOAP/AJ/AZ-10 


ABSOLUTE MAXIMUM RAT I NG.S 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

VlN 

-l'v 7 

V 

1 

Test Function Input Voltage 

VlN(TF) 

-1^10.5 

V 

1 

Output Voltage 

VOUT 

-1^ 7 

V 

1 

Power Supply Voltage 

V CC 

-1 % 7 

V 

1 

Operating Temperature 

topr 

0 v 70 

°c 

1 

Storage Temperature 

tstg 

-55>150 

°c 

1 

Soldering Temperature • Time 

t solder 

260 • 10 

°C • sec 

1 

Power Dissipation 

!> D. 

600 

mW 

1 

Short Circuit Output Current 

tout 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vec 

Supply Voltage 

A.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

00 

o 

V 

2 

V IH(TF) 

Test Enable Input High Voltage 

VCC+4.5 

- 

10.5 

V 

2 

V IL(TF) 

Test Disable Input Low Voltage 

-1.0 

- 

VcC+1.0 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V C c = 5V±10%, Ta=Q-WO°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

T-CCl 

OPERATING CURRENT ! 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRC=tRC MIN.) 

1051100QAP/AJ/AZ-70 

- 

80 

mA 

3,A 

TC511000AB/AT/A2-80 

- 

70 

TC511000AB/AJ/A2-10 

- 

60 

TCC2 

STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=VlH) 


2 

mA 


X CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vip: tRC =t RC MIN.) 

10511000AB/AJ/AZ-70 

- 

80 

mA 

3 

10511000AB/AJ/AZ-80 

- 

70 

1051 iQOO A^AJ/AZ-10 

- 

60 

X CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS=Vil> CAS, Address Cycling: tpc=tpc MINA) i 

10511000AB/AJ/AE-70 

- 

60 

mA 

3,4 

10511000AP/AJ/AZ-80 

- 

50 

10511 OOOAB^AJ/AZ -10 

- 

40 

I CC5 

STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V cc -0.2V) 

- 

1 

mA 


ICC6 

CAS BEFORE RAS REFRESH CURRENT_ 

Average Power Supply Current, CAS Before 

RAS Mode (RAS, CAS Cycling: t RC =t RC MIE'.) 

10511000AB / AJ/AZ-70 

- 

80 

mA 

3 

10511000AB/AJ/AZ-80 

- 

70 

ICSllOOOAB'AT/AZ-lO 

- 

60 

I KL) 

INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input (OV i Vj^£ 6.5V, All Other 

Pins Not Under Test=0V) 

-10 

10 

PA 


TlTF(L) 

INPUT LEAKAGE CURRENT (only TF) 

(OVi Vin(TF) £ V C C+0.5V, All Other Pins Not Under Test=0V) 

-10 

10 

PA 


M 

o 

/—s 

r* 

v-' 

OUTPUT LEAKAGE CURRENT 

(DoUT is disabled, OVd VoUT - 5.5V) 

-lo i 

10 

PA 


I T F 

TEST FUNCTION INPUT CURRENT 
(V CC +4.5VS V IN (TF) S 10.5V) 

- 

1 

mA 


v OH 

OUTPUT LEVEL 

Output "H" Level Voltage (l0UT~“5mA) 

2.4 

- 

V 


V 0 L 

OUTPUT LEVEL 

Output "L" Level Voltage (IoUT“4.2mA) 

- 

0.4 

V 
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC5110OOAP/AJ/AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V C c=5V±l°%, 13=0^ 70°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TC511000AP/ 

AJ/AZ-70 

TC511000AP/ 

AJ/AZ-80 

TC511000AP/ 

AJ/AZ-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

130 

- 

150 

- 

180 

- 

ns 


c RWC 

Read-Write Cycle Time 

155 

- 

175 

- 

210 


ns 


c PC 

Fast Page Mode Cycle Time 

40 

- 

45 

- 

55 

- 

ns 


tPRWC 

Fast Page Mode Read-Write Cycle 
Time 

65 

- 

70 

- 

85 


ns 


*-RAC 

Access Time from RAS 

- 

70 

- 

80 

- 

100 

ns 

8,13 

t CAC 

Access Time from CAS 

- 

20 

- 

20 

- 

25 

ns 

8,13 

t AA 

Access Time from Column Address 

- 

35 

- 

40 

- 

50 

ns 

8,14 

t CPA 

Access Time from CAS Precharge 

- 

35 

- 

40 

- 

50 

ns 

8 

tCLZ 

CAS to Output in Low-Z 

0 


0 

- 

0 

- 

ns 

8 

tOFF 

Output Buffer Turn-off Delay 

0 

20 

0 

20 

0 

20 

ns 

9 

t T 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 

7 

t RP 

RAS Precharge Time 

50 

- 

60 

~ 

70 

- 

ns 


t RAS 

RAS Pulse Width 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


tRASP 

RAS Pulse VJidth (Fast Page Mode) 

70 

100,000 

80 

100,000 

o 

o 

i —i 

100,000 

ns 


C RSH 

RAS Hold Time 

20 


20 

- 

25 

- 

ns 


t CSH 

CAS Hold Time 

70 


80 

- 

100 

- 

ns 


c CAS 

CAS Pulse Width 

20 

10,000 

20 

10,000 

25 

10,000 

ns 


c RCD 

RAS to CAS Delay Time 

20 

50 

20 

60 

25 

75 

ns 

13 

t RAD 

RAS to Column Address Delay 

Time 

15 

35 

15 

40 

20 

50 

ns 

14 

tCRP 

CAS to RAS Precharge Time 

5 

- 

5 

- 

5 

- 

ns 


C CP 

CAS Precharge Time 
(Fast Page Mode) 

! 10 

- 

10 


10 

- 

ns 


C ASR 

Row Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


C RAH 

Row Address Hold Time 

10 


10 

- 

15 

- 

ns 


t ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


c CAH 

Column Address Hold Time 

15 


15 

- 

20 

- 

ns 


C AR 

Column Address Hold Time 
referenced to RAS 

55 

- 

60 

- 

75 

- 

ns 


C RAL 

Column Address to RAS Lead Time 

35 

- 

40 

- 

50 

- 

ns 


tRCS 

Read Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


t RCH 

Read Command Hold Time 

0 

- 

0 

- 

0 

- 

ns 

10 
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC5110OOAP/AJ/AZ-10 


ELECTRICAL CHARACTERISTICS AMD RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC511000AP/ 

AJ/AZ-70 

TC511000AP/ 

AJ/AZ-80 

TC511000AP/ 

AJ/AZ-10 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

C RRH 

Read Command Hold Time 
referenced to RAS 

0 

- 

0 

- 

0 


ns 

10 

t WCH 

Write Command Hold Time 

15 

- 

15 

- 

20 

_ 

ns 


t WCR 

Write Command Hold Time 
referenced to RAS 

55 

- 

60 

- 

75 


ns 


ft 

Write Command Pulse Width 

15 

- 

15 

- 

20 

- 

ns 


t RWL 

Write Command to RAS Lead 

Time 

20 

- 

20 


25 

- 

ns 


t CWL 

Write Command to CAS Lead 

Time 

20 

- 

20 

- 

25 

- 

ns 


C DS 

Data Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

11 

C DH 

Data Hold Time 

15 

- 

15 

- 

20 

- 

ns 

11 

t DHR 

Data Hold Time referenced to 

RAS 

55 

- 

60 


75 

- 

ns 


t REF 

Refresh Period 

- 

8 

- 

8 

- 

8 

ms 


C wcs 

Write Command Set-Up Time 

-O' 

- 

0 

- 

0 

- 

ns 

12 

c CWD 

CAS to WRITE Delay Time 

20 

- 

20 

- 

25 

- 

ns 

12 

t RWD 

RAS to WRITE Delay Time 

70 

- 

80 

- 

100 

- 

ns 

12 

*-AWD 

Column Address to WRITE Delay 
Time 

35 

- 

40 

- 

50 ■ 

- 

ns 

12 

c CSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

10 

- 

10 | 

- 

10 

- 

ns 


c CHR 

CAS Hold Time 

(CAS before RAS Cycle) 

30 

- 

30 

- 

30 

: 

- 

ns 


t RPC 

RAS to CAS Precharge Time 

0 

- 

0 

- 

0 

- 

ns 


tCPT 

CAS Precharge Time (CAS be¬ 
fore RAS Counter Test Cycle) 

40 

- 

40 

- 

50 

- 

ns 


t CPN 

CAS Precharge Time 

1.0 

- 

10 

- 

15 

- 

ns 


C TES 

Test Mode Enable Set-Up Time 
referenced to RAS 

0 

- 

0 

- 

0 

- 

ns 


C TEHR 

Test Mode Enable Hold Time 

referenced to RAS 

0 

- 

0 

- 

0 

- 

ns 


t TEHC 

Test Mode Enable Hold Time 

referenced to CAS 

0 

- 

0 

- 

0 

- 

ns 



CAPACITANCE (V CC =5V±1Q%, f=lMHz, Ta=Oa.7Q°C) 


SYMBOL 

PARAMETER i 

MIN. 

MAX. 

UNIT 

Cn 

Input Capacitance 

(A0VA?-, Din) 

- 

5 


C I2 

Input Capacitance 

(RAS, CS, WRITE, TF) 

- 

7 

pF 

Co 

Output Capacitance 

(dqut) 

i 

7 










TC511000AP/AJ/A2-70, TC511OOOAP/AJ/AZ-SO 
TCS110OOAP/AJ/AZ-10 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3. I CC1* I CC3» I CC4» I CC6 de P end on cycle rate. 

4. Icci» ^CC4 de P end on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t^=5ns. 

7. Vj^(min.) and Vjp(max.) are reference levels for measuring timing of input 

signals. Also, transition times are measured between and Vjp. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQFF( max *) defines the time at which the output achieves the open circuit con¬ 
dition and is not referenced to output voltage levels. 

10. Either tpc^ or tpp^ must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write cycles. 

^3. t^jcs* tRWD* t CWB and t AWD are not "restrictive operating parameters. They are 

included in the data sheet as electrical characteristics only. If tycg= tycs 

(min.), the cycle is an early write cycle and data out pin will remain open 

circuit (high impedance) throughout the entire cycle; If tpypltp\ v rp(min.) , 
tCWD - tCWD( m l n *) and ^AWD - t AU r D( m l n *) > the cycle is a read-write cycle and data 
out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

13. Operation within the t£CD( max *) limit insures that tRAc(max.) can met. 
t RCD (max.) is specified as a reference point only: If t R cp is greater than the 
specified tRCD^max.) limit, then access time is controlled by t^AC* 

14. Operation within the t rad (max.) limit insures that tRAc( max *) can met . 
t£AX)( raax *) is specified as a reference point only: If tRAD i s greater than the 
specified tj^p(max.) limit, then access time is controlled by t^A* 
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TC511000AP/AJ/AZ-70, TC51100QAP/AJ/AZ-80 
TC5110OOAP/AJ/AZ-10 


TIMING WAVEFORMS 

READ CYCLE 



: "H" or "L" 


NOTE: "TF" pin should be connected to level or open, if 

"Test Mode” is not used. 




TC511000AP/AJ/AZ-70, TCS11000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-10 



NOTE: "TF" pin should be connected to Vjl(TF) level or open, if 
"Test Mode" is not used. 
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TC511000AP/AJ/AZ-70, TCS11000AP/AJ/AZ-80 
TC511OOOAP/AJ/AZ-10 


READ-WRITE CYCLE 



NOTE: "TF" pin should be connected to Vil( tf ) 
"Test Mode" is not used. 




t 0 FF 


DATA 



1 11 t 

or L 


it 


or open, if 



TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC5110OOAP/AJ/AZ-10 


FAST PAGE MODE READ CYCLE 







TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC5110OOAP/AJ/AZ-10 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



v OH — 

DquT ~~~~OPEN 

V 0L - 


"H" or "L" 


NOTE: "TF" pin should be connected to Vjl(TF) level or open, if 
"Test Mode” is not used. 
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TC5110OOflP/AJ/AZ-7 □, TC511000AP/AJ/AZ-80 
TCS11OOOAP/AJ/AZ-10 







TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-10 


RAS ONLY REFRESH CYCLE 



v OH - 

Dqut . . 1 .. . . . ■ —— — . OPEN 

V OL — 



"H" or "L” 


NOTE: WRITE="H M or "L" A9="K” or "L" 

M TF n pin should be connected to Vjl(TF) level or open, if 
"Test Mode" is not used. 
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TGS110OOAP/AJ/AZ-70. TC511000AP/AJ/AZ-80 
TC5110OOAP/AJ/AZ-10 


CAS BEFORE RAS REFRESH CYCLE 



NOTE: WRITE s =”H n or ”L”, A0^A9=”H” or M L" 

”TF” pin should be connected to V^CTF) level or open, if 
’’Test Mode” is not used. 
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TCS11OOOAP/AJ/AZ-18 


HIDDEN REFRESH CYCLE (WRITE) 



V 0L — 



”L 


it 


NOTE: ”TF” pin should be connected to Vil(TF) level or open, if 
’’Test Mode” is not used. 
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC511OOOAP/A J/AZ-10 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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TC511000AP/AJ/AZ-70, TC5110O0AP/AJ/AZ-80 
TC5110OOAP/AJ/AZ-10 


TEST MODE 

The TC511000AP/AJ/AZ is the RAM organized 1,048,576 words by 1 bit, it is inter¬ 
nally organized 262,144 words by 4 bits. In "Test Mode", data is written into 
a number of sectors (4 sectors) in parallel and retrieved the same way. If, upon 
reading, all bits are equal (all "H" or "L"), the data output pin indicates a same 
data as all bits. In this case, the data output pin indicates an expected data for 
good parts, the data output pin indicates a complementary data for bad parts. And 
also, if any of the bits differed, the data output pin would indicate a high impedance 
state for bad parts. Fig.l shows the block diagram of TC511000AP/AJ/AZ including its 
truth table when "Test Mode" is used. 

In test mode, 1MDRAM can be tested as if it were 256K DRAM by the following method. 
Block Diagram in Test Mode 

An, Am 



TF Pin=Super voltage; Test Mode 
TF Pin=V IL (TF) level or High-Z; Normal 


Truth Table in Test Mode Function 


[ A B C D | 

d out 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

Otherwise | 

Hi-Z 


Fig. 1 
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC5110OOAP/AJ/AZ-10 


"Test Mode" function is performed on any of the timing cycles including fast 
page mode when "TF" pin is held on "super voltage (Vcc+4.5V(V(X=5V±10%')» max. 
voltage=10.5V)" for the specified period (t TE g, t-pEHR and t TEHC» see Fi S* 2). 

The address input of A9 is ignored in the "Test Mode". 

On the other hand, normal operation requires the "TF" pin be connected to 
Vil(TF) level, or left unconnected on the printed wiring board. 

The "Test Mode" function reduces test times (1/4; in case of using N test pattern). 


RAS 


V IH 

V IL 


CAS 


^ IL 


TF 


V IH(TF) 
V IL(TF) 


. —.—.. -ra 

\ J 

p- 


_ J 

! 

, ^TSS 

\ _ 

c 

t TEHc(0 ns) 

( 0 ne) 

tTEHRCC 

1 ns) 


j 


- T 

K 


izf-\ 


Fig.2 Test Mode Cycle 
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TC5110O0AP/AJ/AZ-70, TC511OOOAP/AJ/AZ-80 
TC5110OOAP/AJ/AZ-10 


OUTLINE DRAWINGS 


• Plastic DIP 


Unit in mm 


IS 17 16 15 14 13 12 11 10 





Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position 
with respect to No.l and No.18 leads. 

All dimensions are in millimeters. 
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TC511000AP/AJ/AZ-70, 
TC5110OOAP/A J/AZ-10 


• Plastic SOJ 



1 2 3 4 5 9 10 11 12 13 


I I 0.6 6-0.81 



Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 
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?. 5 0 - 7.7 4 


-80 


Unit in mm 






TC511000AP/AJ/AZ-70, TC5110OOAP/AJ/AZ-80 
TC5110OOAP/AJ/AZ-10 


• Plastic ZIP 


Unit in mm 




2 4 6 8 12 14 16 18 20 



Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said 
circuitry. 
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TC511000AP/AJ/AZ-70, TC51100OAP/AJ/AZ-80 
TC5110OOAP/AJ/AZ-10 


— A-24 — 



TC511000APL/AJL/AZL-70, TC511000API/AJI/AZL-80 
TC5110OOAPL/AJL/AZL-10 


DESCRIPTION 

The TC511000APL/AJL/AZL is the new generation dynamic RAM organized 
1,048,576 words by 1 bits. The TC511000APL/AJL/AZL utilizes TOSHIBA’S 
CMOS Silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to the 
system user. Multiplexed address inputs permit the TC511OOOAPL/AJL/AZL 
to be packaged in a standard 18 pin plastic DIP, 26/20 pin plastic SOJ 
and 20/19 pin plastic ZIP. The package size provides high system bit 
densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power 
supply of 5V±1056 tolerance, direct interfacing capability with high per¬ 
formance logic families such as Schottky TTL. 

FEATURES 


• 1,048,576 word by 1 bit organization 

• Fast access time and cycle time 


tzzzz.= 

TC511000APL/AJL/AZL 

-70/80/10 

c RAC 

RAS Access Time 

70ns 

80ns 

100ns 

C AA 

Column Address 
Access Time 

35ns 

40ns 

50ns 

tCAC 

CAS Access Time 

20ns 

20ns 

25ns 

c RC 

Cycle Time 

130ns 

150ns 

180ns 

tpc 

Fast Page Mode 
Cycle Time 

40ns 

45ns 

55ns 


• Single power supply of 5V±10% with a built- 


in Vgg generator 


PIN CONNECTION 



• Low Power 

440mW MAX. Operating (tcsuoooapl/ajl/azl-70 
385mW MAX. Operating (tcsiioooapl/ajl/azl-so 
330raW MAX. Operating (tcsi ioooapl/ajl/azl-io 
1.ImW MAX. Standby 

• Output unlatched at cycle end allows 

two-dimensional chip selection 

• Common 1/0 capability using "EARLY WRITE" 

operation 

• Read-Modify-Write, CAS before RAS refresh, 

RAS-only refresh, Hidden refresh. Fast 
Page Mode and Test Mode capability 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/64ms 

• Package Plastic DIP: TC511000APL 

Plastic SOJ: TC511000AJL 
Plastic ZIP: TC511000AZL 


BLOCK DIAGRAM 




























TC511000APL/AJL/AZL-70, TC511000APL/AJL/AZL-80 
TC5110OOAPL/AJl/AZL-l 0 


ABSOLUTE MAXIMUM RATINGS 


ITEM 


Input Voltage 


Test Function Input Voltage 


Output Voltage _ 

Power Supply Voltage 


Operating Temperature 


Storage Temperature_ 


Soldering Temperature * Time 


Power Dissipation 


Short Circuit Output Current 


SYMBOL 


VIN 




J_RATING_[ UNITS I NOTES 


| -1-7 ! 



I -55-150 I °C I 


TSOLDER I 260 - 10 | 1C • sec 


PD 600 I 


IOUT | 50 



I BKM 

m&m 

■pm 

I 

lED&i 
I Bill 


RECOMMENDED DC OPERATING CONDITIONS 


SYMBOL I PARAMETER 


VIH 


VIL 


TF) 


VIL(TF) 


Supply Voltage 




Input Low Voltage _ 


I Test Enable Input High Voltage 


Test Disable Input Low Voltage 



- 1.0 


Vcc+4.5 


- 1.0 


DC ELECTRICAL CHARACTERISTICS (VCC=5V±10%, Ta=0 -70°C) 


SYMBOL I PARAMETER 


OPERATING CURRENT 

Iccl Average Power Supply Operating Current ‘ 

(RAS, CAS, Address Cycling: tRC=tR0 HINj 


STANDBY CURRENT 

Power Supply Standby Current 

(KS5=C£5=VIH) 


MIN. I MAX. | UNITS I NOTES 




TC511000APL/AJ L/AZL-80 
TC5110OOAP L/AJ L/AZ L-10 


TC511000APL/AJL/AZL-70 


TC511000APL/AJL/AZL-80 




STANDBY CURRENT 

Power Supply Standby Current 

(Ra5=CA5=Vcc-0.2V) 






IITF(L) 




TiktiMIilQINmilkW 


TC511000AP L/AJ L/AZ L-10 


BATTERY BACK UP CURRENT 

Average Power Supply Current, BATTER Y BACK UP MODE 

(Ca5=CaS Before M Cycling or 0.2V, WRITE=Vcc-0.2V or 0.2V, AO -9= 

VCC-0.2V or 0.2V, DIN=Vcc-0,2V, 0.2V or OPEN: 

tRC= 125tfs. tRAS=t_RAS MIN.- Ijks) ___ 


INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input (OV^VIN ^ 6.5V, All Other Pins Not 

Under Test=0V) __ 

INPUT LEAKAGE CURRENT (only TF) 

(OV ^VIN(TF) ^Vcc+0.5V, All Other Pins Not Under Test=0V) _ 


OUTPUT LEAKAGE CURRENT 

(Dout is disabled, OV ^VOUT^ 5.5V) 


I TEST FUNCTION INPUT CURRENT 

1 (VCC+4.5V ^VIN(TF) ^ 10.5V) ____ 


OUTPUT LEVEL 

Output "H" Level Voltage (IOUT-SinA) _._ 


-10 10 


-10 10 













































































TC511000APL/AJL/AZL-70, TC51100QAPL/AJL/AZL-80 
TC5110OOAPL/AJL/AZL-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V CC «5V±10%, Ta=0'v70°C) (Notes 5, 6, 7) 


TC511000APL/ TC511000APL/ TC511000APL/ 



AJL/AZL-70 AJL/AZL-80 AJL/AZL-10 


Random Read or Writer Cycle Tine 130 


c RWC Read-Write Cycle Time 


c PC Fast Page Mode Cycle Time 


c PRWC ?aSt Pa ^ e ^ ode Read-Write Cycle 
Time 


c RAC Access Time from RAS 


Access Time from CAS 



C AA 

Access Time from Column Address' 

- 

35 

- 

40 

- 

50 

ns 

8,14 

c CPA 

Access Time from CAS Precharge 

- 

35* 

- 

40 

- 

50 

ns 

8 



CAS to Output in Low-Z 0 - 0 - 0 


Output Buffer Turn-off Delay 0 20 0 20 0 


Transition Time (Rise and Fall) 3 50 3 50 3 


RAS Precharge Time 50 | - 60 “ 70 


RAS Pulse Width 70 10,000 | 80 | 10,000 | 100 



10,000 I n s 


t RASP | RAS Pulse Width (Fast Page Mode)! 70|ico,000 | 80 100,000 1 100 100,000 ns 


t RSH RAS Hold Time 


CAS Hold Time 



*CAS 

CAS Pulse Width 

20 

10,000 

20 

10,000 

25 

10,000 

ns 


c RCD 

RAS to CAS Delay Time 

20 

50 

20 

60 

25 

75 

ns 

13 

C RAD 

RAS to Column Address Delay 

Time 

15 

35 

15 

40 

20 

50 

ns 

14 | 



CAS to RAS Precharge Time 


CAS Precharge Time 
(Fast Page Mode) 


Row Address Set-Up Time 


Row Address Hold Time 


Column Address Set-Up Time 


Column Address Hold Time 


Column Address Hold Time 
referenced to RAS 


C RAL 

u--- 1 

Column Address to RAS Lead Time 

35 

^RCS 

Read Command Set-Up Time 

0 

t RCH 

Read Command Hold Time 

0 



ns 


ns 


ns 10 
























































































































































TC511000APL/AJL/AZL-70, TC511000APL/AJI/AZL-80 
TC511OOOAPL/AJL/AZL-10 


ELECTRICAL CHARACTERISTICS AMD RECOMMENDED AC OPERATING CONDITIONS (Continued) 



PARAMETER 


Read Command Hold Time 
referenced to RAS 


c WCH Write Command Hold Time 


Write Command Hold Time 
referenced to RAS 


c WCR 


twp I Write Command Pulse Width 


r Write Command to RA$ Lead 

RWL Time 


Write Command to CAS Lead 
c CVL Time 


CDS Data Set-Up Time 


t^H Data Hold Time 


Data Hold Time referenced to 


TC511OOOAPL/ TC511000APL/ TC511000APL/ 

AJL/AZL-70 AJL/AZL-80 AJL/AZL-10 

MIN. | MAX. | MIN. | MAX. | MIN. | MAX. 


UNITS NOTES 


C REF | Refresh 'Period 


c WCS Write Command Set-Up Time 


c CWD CAS to WRITE Delay Time 


C RWD IRAS to WRITE Delay Time 


P CAS Set-Up Time 

__(CAS before RAS Cvcle) 


CASJiold Time 

(CAS before RAS Cycle) 


c RPC RAS to CAS Precharge Time 


c CPT Prechar § e Time (CAS be¬ 

fore RAS Counter Test Cycle) 


c CPN CAS Precharge Time 


Test Mode Enable Set-Up Time 
TES referenced to RAS 


t Test Mode Enable Hold Time 

TEnR referenced to RAS 


p Test Mode Enable Hold Time 

i-Tr-cc . _ 

rererenced to CAS 


ns | 

i 

10 

ns j 




CAPACITANCE (V CC =5V±10%, f»lMKz, Ta=0%70°C) 


SYMBOL 

| PARAMETER | 

MIX. 

MAX. 

UNIT 

Cll 

| Input Capacitance 

(ao A9, din) 

- 

5 


C I2 

| Input Capacitance 

(RAS, CS, WRITE, Tr) 

- 

7 

PF 

c 0 

| Output Capacitance 

(dout) 

- 

7 
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TC511000APL/AJL/AZL-70, TC511OQ0APL/AJL/AZL-8O 
TC5110OOAPL/AJL/AZL-10 


NOTES: 

1. Stresses greater than those listed under "Absolute Maxinun Ratings" nay cause 
pernanent damage to the device. 

2. All voltages are referenced to Vgs* 

3. I ccl , I C C3* Z CCU> I CC6 depend on cycle rate. 

4. Icci» lcC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by 8 RAS cycles 
before proper device ope rat ion is achieved. In case of using internal ref res h 
counter, a mininun of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t<j s 5ns. 

7. VjjjCmin.) and Vj^Cmax.) are reference levels for measuring timing of input 

signals. Also, transition times are measured between V^h and . 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQFF( max *) defines the time at which the output achieves the open circuit con¬ 
dition and is not referenced to output voltage levels. 

10. Either tRc$ or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write cycles. 

12. tr;cs» C RWT)* t C T .vD anc * C AWD are not restrictive operating parameters. They are 

included in the data sheet as electrical characteristics only. If tycs* c WCS 

(min.), the cycle is an early wirte cycle and data out pin will remain open 

circuit (high impedance) through the entire cycle; If t^(min,), 

tcWD ^ tcwD(nin.) and t^WD £ c AWD(min.), the cycle is a read-write cycle and data 
out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

13. Operation within the tRCD( max *) limit insures that tj^c( max *) can be met * 
tRCD^ 13 ^*) is specified as a reference point only: If t^ci) Is greater than the 
specified t^cD( nax *) limit, then access time is controlled by tcAC* 

14. Operation within the tj^j)(max.) limit insures that tRAc( max «) can be met. 
tRAD( nax O is specified as a reference point only: If tt^D is greater than the 
specified tj^(max.) limit, then access time is controlled by t^. 
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TC511000APL/AJL/AZL-70. TC511000APL/AJL/AZL-80 
TC511000APL/AJL/AZL-10 

TIMING WAVEFORMS 


READ CYCLE 



’TF" pin should be connected to Vil(TF) level or open, if 
'Test Mode" is not used. 









TC511000APL/AJI/AZL-70, TCS11000APL/AJL/AZL-80 
TC5110OOAPL/AJl/AZL-10 



NOTE: "TF" pin should be connected to Vjl(TF) level or open, if 
’’Test Mode" is not used. 
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TCS11000APL/AJL/AZL-70, TC5110OOAPL/AJL/AZL-80 
TC511 OOOAPL/AJl/AZL-10 


read-write cycle 



7 7/\ : "H" or "L" 


NOTE: "TF" pin should be connected to Vjl(TF) level or open, if 
"Test Mode'* is not used. 


— A-32 — 
















TC511000APL/AJI/AZL-70, TC511000APL/AJL/AZL-80 
TC5110OOAPL/A JI/AZL-10 


FAST PAGE MODE READ CYCLE 








TC511000API/AJI/AZL-70, TC511008APL/AJL/AZL-80 
TC511000APL/AJL/AZL-10 


FAST PAGE MODE WRITS CYCLE (EARLY WRITE) 

























TCS11OOOAPL/AJI /AZL-70. TCS11 OMAPl/AJL/AZl-8# 
TC5110OOAPL/AJl/AZL-10 


FAST PAGE MODE READ-WRITE CYCLE 


top 



TjJU "H” or "L" 

MOTE: "TF" pin should be connected to V^(TF) level or open, if 
’’Test Mode” is not used. 
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TC511OOOAPL/AJL/AZL-70, TC511000APL/AJL/AZL-80 
TC511OOOAPL/A JL/AZL-10 



'TF" pin should be connected to VilCTF) level or open, i; 











TC511000APL/AJL/AZL-70, TC511000APL/AJL/AZL-80 
TC511000APL/AJL/AZL-10 r 


CAT BEFORE RAS REFRESH CYCLE 



NOTE: WRITE-"H ,t ■ or "L", A0^A9="H" or "L M 

"TF" pin should be connected to Vj^CTF) level or open, if 
"Test Mode" is not used. 
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TC511000APL/AJL/AZL-70. TC511000APL/AJ1/AZL-80 
TC5110OOAPL/AJL/AZL-10 

HIDDEN REFRESH CYCLE (READ) 



X1L 


"H" or "L" 


NOTE: ,, TF ,, pin should be connected to Vj^(TF) level or open, if 
"Test Mode” is not used. 
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TC511000APL/AJL/AZL-70, TC511008APL/AJL/AZL-80 
TC5110OOAPI/AJL/AZL-10 


HIDDEN REFRESH CYCLE (WRITE) 




"H" or "L" 


NOTE: "TF" pin should be connected to Vjl(TF) level or open, if 
"Test Mode" is not used. 
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TC511000APl/AJL/flZL-70. TC511000APL/AJL/AZL-80 
TC5110OOAPL/A JL/AZl-10 


CASBEFORE RAS REFRESH COUNTER TEST CYCLE 


AO- A 9 


Via —- 

V IL — 

V IH —' 
V IL — 

V IH —/ 


W CSR 


t ?.A3 


’RP 1 


tcHR 


IT 


READ CYCLE 


*O r JT 


*ASC 


t CAS 




:ah 



COLUMN 


OPEN 


"C AC 


t "OFF 


VALID DATA 


> 


7 II 

WRITE CYCLE 
v OH 

^OUi 

'OL 






! I 


OPEN 




' H7TL 


^ T z WZMMMMZhk 


'IS 


7 XL 


r i ‘i 

| 

|t«y? 1 

t i ii j . 

; i-s i 
■— ■■■— 

_ t DH i 


wmmmuml 


WZMMMMK EE “ ,A WMMMMM 


READ-WRITE CYCLE 

v ca — 


■hout 


'OL 


OPEN 


r CAC 




L_L 


C AA 


*0?? 


valid data 


> 


•-AXD 


viz j////m/////////////m 


t RCS 


j -C^D I | X T? | 

““ "I r—i 


N //////////////// 


p/X] : "E" or "L" 

II'TT’II 


hppl 1~PH I 

NOTE: "TF" pin should be connected to Vtl(TF) level or open, if 
"Test Mode” is not used. 
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TC511000APL/AJ L/AZL-7 0, TCS11000ARL/AJI/AZL-88 
TC51 lOOOAPL/AJL/AZL-tO 


TEST MODE 

The TC511OOOAPL/AJL/AZL is the RAM organized 1,048,576 words by 
1 bit, it is internally organized 262,144 words by 4 bits. In "Test 
Mode", data is written into a number of sectors (4 sectors) in 
parallel and retrieved the same way. If, upon reading, all bits are 
equal (all "H" or "L"), the data output pin indicates a same data as 
all bits. In this case, the data output pin indicates an expected 
data for good parts, the data output pin indicates a complementary 
data for bad parts. And also, if any of the bits differed, the data 
output pin would indicate a high impedance state for bad parts. Fig.l 
shows the block diagram of TC511OOOAPL/AJL/AZL including its truth 
table when "Test Mode" is used. 

In test mode, 1MDRAM can be tested as if it were 256K DRAM by the 
following method. 

Block Diagram in Test Mode 

An, An 



IF Pin=*Super voltage; Test Mode 
TF Pin=V IL (TF) level or Eigh-Z; Normal 


Truth Table in Test Mode Function 


A 3 C D | 

d out 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

Otherwise 

Ki-Z 
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TC511000APL/AJL/AZL-70. TC51I000APL/AJI/AZL-80 
TC511000APL/AJL/AZL-10 


"Test Mode" function is performed on any of the timing cycles including fast 
page code when "TF" pin is held on "super voltage (Vcc+4.5V(Vcc=5V±10%), max. 
voltage=10.5V)" for the specified period (^XES* C TEHR anc * c TEFC» see 2). 

The address input of A9 is ignored in the "Test Mode". 

On the other hand, normal operation requires the "TF" pin be connected to 
V il (TF) level, or left unconnected on the printed wiring board. 

The "Test Mode" function reduces test times (1/4; in case of using N test pattern). 



Fig.2 Test Mode Cycle 
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TCS11000APL/AJL/AZL-70. TC511000APL/AJI/AZL-80 
TC511000APL/AJL/AZL-10 


OUTLINE DRAWINGS 

• Plastic DIP 


Unit in mm 


13 17 is 15 14 13 12 11 10 



123 4 5 57 39 




Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position 
with respect to No.l and No.18 leads. 

All dimensions are in millimeters. 
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TD511000APL/AJL/AZL-70, TC5110OOAPL/AJ L/AZL-80 
TC51IOOOAPL/AJL/AZL-10 


• Plastic SOJ 


Unit in cm 



Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 







TC5110OOAPL/AJL/AZL-70. TC5t 1000API/AJL/AZL-80 
TC5110OOAPL/AJl/AZL-10 


• Plastic ZIP 

Unit in mm 



1 3 5 7 9 11 13 15 17 19 



2 4 5 0 12 14 15 13 20 


Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said 
circuitry. 
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TC511000APL/AJL/AZL-70, TC511000APL/AJI/AZL-80 
TC511OOOAPL/AJL/AZL-10 
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TOSHIBA MOS MEMORY PRODUCTS 


TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-10 

DESCRIPTION 

The TC511001AP/AJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 
1 bit. The TC511001AP/AJ/AZ utilizes TOSHIBA'S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC511001AP/AJ/AZ to be 
packaged in a standard 18 pin plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic 
ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10% tolerance, direct interfacing capability with high perform¬ 
ance logic families such as Schottky TTL. The special feature of TC511001AP/AJ/AZ is 
nibble mode, allowing the user to serially access 4 bits of data at a high data rate. 


FEATURES 

* 1,048,576 word by 1 bit organization 

* Fast access time and cycle time 

1 [TOlI(XlAB^AJX^Z-7Q^-80^-lcj 


PRAC 

RAS Access Time 

70ns 

80ns 

100ns 

PAA 

Column Address 
Access Time 

35ns 

40ns 

50ns 

tCAC 

CAS Access Time 

20ns 

20ns 

25ns 

c RC 

Cycle Time 

130ns 

150ns 

180ns 

c NCAC 

Kibble Mode 
Access Time 

20ns 

l 

20ns 

20ns 

rt 

53 

O 

Kibble Mode 

Cycle Time 

40ns 

40ns 

40ns 


• Single power supply of 5V±10% with a 
built-in V’bb generator 

PIN CONNECTION (TOP VIEW) 


Low Power: 

4 4 OmW MAX. Opera ting(TC511001AP/AJ/AZ-70) 
385ml 7 MAX. Operating(TC511001AP/AJ/AZ-80) 
330mW MAX. Operating(TC511001AP/AJ/AZ-10) 
5.5mW MAX. Standby 

Output unlatched at cycle end allows two- 
dimensional chip selection 
Common I/O capability using "EARLY WRITE" 
operation 

• Read-Modify-Write, CAS before RAS refresh, 

RAS-only refresh, Hidden refresh, Kibble 
Mode and Test Mode capability 

• All inputs and output TTL compatible 

• 512 refresh cycles/8ms 

• Package Plastic DIP: TC511001AP 

Plastic SOJ: TC511001AJ 
Plastic ZIP: TC511001AZ 


Plastic DTP Plastic SOJ Plastic ZIP 



BLOCK DIAGRAM 
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-10 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V IN 

-rw 

V 

1 

Test Mode Input Voltage 

V IN(TF) 

-1^10.5 

V 

1 

Output Voltage 

v OUT 

-LW 

V 1 

1 

Power Supplv Voltage 

vcc 

-LW 

V 

X 

Operating Temperature 

! t opr 

cr-70 

°c 

1 

Storage Temperature 

TstG 

-550,150 

°c 

1 

Soldering Temperature.Time 

Tsolder 

260-10 

°C* se c 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

tout 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP . 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V IK 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Innut Low Voltage 

-1.0 

- 

CO 

o 

V 

2 

VlH(TF) 

Test Enable Input High Voltage 

Vcc+4.5 : 

- 

10.5 

V 

2 

VlL(TF) 

Test Disable Input Low Voltage 

-1.0 

- 

vcc+i.o 

V 

2 


DC ELECTRICAL CHARACTERISTICS (Vcc=5±10% Ta=0'v70»C) 


SYMBOL 

PARAMETER ! 

MIN. 

MAX. 

UNITS 

NOTES 

I CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: t RC =t RC MIN.) 

TC511 00 1 AP/AJ/AZ-70 

- 

80 

mA 

3,4 

TC511001AP/A J/A Z-80 

_ 

70 

TC5 110 01A P/A J /a z -10 

- 

60 

ICC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=Vih) 

- 

2 

mA 

3 

TCC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vjpy. tpc =t RC MIN.) 

TC 5110 0 i AP/AJ/AZ-70 

_ 

80 

mA. 

3 

TC 511001AP/A J/AZ-SO 

- 

70 

TC 5110 01 AP/A J/AZ-10 

- 

60 

ICC4 

NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 
(RAS=Vjl, CAS Cycling: tNCT'tNC MIN.) 

TC 51100 1 AP/AJ/AZ-70 

- 

60 

mA 

3,4 

TC 5110 01 AP/A J /AZ- 80 

- 

50 

TC5110 01 AP/A J/AZ-10 

_ 

40 

I CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=Vr.r-0.2V) 

- 

1 

mA 


ICC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

TC511.001 AP/AJ/AZ-70 

j 

80 

mA 

3 

TC511001 AP/AJ/AZ-80' 

_ 

70 j 

RAS Mode (RAS, CAS Cycling: tRC=tpc MIN.) 

TC 511001 AP/A J/AZ-10 

- 

60 

I X(L) 

INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input (OV^Vjft^lS. 5 V, 

All Other Pins Not Under Test=0V) 

-10 

10 

pA ! 


I 1TF(L) 

INPUT LEAKAGE CURRENT (only TF) 

(OV^Vxy (TF) ^V’cc+0.5V, All Other Pins Not Under Test=0V) 

-10 

10 

PA 


I 0(L) 

OUTPUT LEAKAGE CURRENT 

(DouT is disabled, 0V^VouT^ + 5.5V) 

-10 

10 

PA 


ITF 

TEST FUNCTION INPUT CURRENT 
(VfC+4 .SVSVtnCTF)=10.5V) 

- 

1 

mA 


v OH 

OUTPUT LEVEL 

Output "H" Level Voltage (IoUT = “bmA) 

2.4 

- 

V 


VOL 

OUTPUT LEVEL 

Output "L" Level Voltage (IOUT = 4.2mA) 

- 

0.4 

V 
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V C c=5V±10%, Ta=0 ^ 70°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TC511001A?/ 

A J/AZ-/0 

TC51100IAP/ 

AJ/AZ-S0 

TC511001AP/ 

AJ/AZ-10 

UNIT jNOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

t RC 

Random Read or Write Cycle Time 

130 


150 


180 

- 

ns 


c 1 \W c 

Read-Write Cycle Time 

153 

- 

175 

- 

210 

- 

ns 


c NC 

Nibble Mode Cycle Time 

40 

- 

40 

- 

L0 

- 

ns 


tKRMW [Nibble Mode Read-Write Cycle Time 

6 5 

- 

65 

- 

65 

_ 

ns 


r RAC [Access Time from RAS 

- 

70 

- 

80 

- 

100 

ns 

8,13 

c CAC [Access Time from CAS 

- 

20 

- 

20 

- 

25 

ns 

8,13 

^AA [Access Time from Column Address 

- 

35 

- 

40 


50 

ns 

8,14 

t NCAC 

Nibble Mode Access Time 

- 

20 

- 

20 

- 

20 

ns 

8 

t CLZ 

CAS to Output in Low-Z 

0 

- 

0 

- 

0 

- 

ns 

8 

GPP 

Output Buffer Turn-Off Delay 

0 

20 

0 

20 

0 

20 

ns 

9 

t T 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 

7 

C RP 

RAS Precharge Time 

50 

- 

60 

- 

70 

- 

ns 


r RAS 

RAS Pulse Width 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


t RSH 

RAS Hold Time 

20 

- 

20 

- 

25 

- 

ns 


c CSH 

CAS Hold Time 

70 

- 

80 

- 

100 

- 

ns 


*■ CAS 

CAS Pulse Width 

20 

10,000 

20 

10,000 

- > 

10.Q00 1 ns | 

c RCD 

RAS to CAS Delay Time 

20 

50 

20 

60 25 

75 

ns 

13 

C RAD 

RAS to Column Address Delay Time 

15 

! 35 

15 

40 

20 

50 

ns 

14 

c CRP 

CAS to RAS Pre charge Time 

5 

- 

5 


5 

- 

ns 


c CPN 

CAS Precharge Time 

10 

- 

10 

I 10 

- 

ns 


t ASR 

Row Address Set-Up Time 

0 

! ~ 

0 


0 

- 

ns 


c rah 

Row Address Hold Time 

10 

| ~ 

10 

- 

15 

- 

ns 


t ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


t CAH 

Column Address Hold Time 

i 15 

- 

| 15 

- 

20 

- 

ns 


l AR 

Column Address Hold Time 
referenced to RA$ 

1 55 

; 

- 

i 

60 


75 

- 

ns 


t RAL 

Column Address to RAS Lead Time 

: 35 

- 

40 


5Q 

" 

ns 


c RCS 

Read Command Set-Up Time 

0 

; - 

0 

- 

0 

- 

ns 


t RCH 

Read Command Hold Time 
ireferenced to CAS 

0 

j - 

0 


0 

- 

ns 

10 

t RRH 

Read Command Hold Time 
'referenced to RAS 

0 


0 


0 

- 

ns 

10 

t \vCH 

Write Command Hold Time 

! 15 

i 

: - 

15 

_ 

20 


ns 


l wcr 

Write Command Hold Time 
referenced to RAS 

55 

- 

60 

- 

75 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC511001AP/ 

AJ/AZ-70 

TC511001AP/ 

AJ/AZ-80 

TC511001AP/ 

AJ/AZ-10 

UNITS 

NOTES 

MIN. 

MAX. 

MIN . 

MAX. 

MIN. 

MAX. 

t WP 

Write Command Pulse Width 

15 

- 

15 

- 

20 

- 

ns 


£ rwl 

Write Command to RAS Lead Time 

20 

- 

o 

CM 

- 

25 

- 

ns 


£ cwl 

Write Command to CAS Lead Time 

20 

- 

20 

- 

25 

- 

ns 


C DS 

Data-In Set-Up Time 

0 

- 

0 


0 

_ 

ns 

11 

£ dh 

Data-In Hold Time 

15 

- 

15 

- 

20 

- 

ns 

11 

t DHR 

Data-In Hold Time 
reference to RAS 

55 

- 

60 

- 

75 

- 

ns 


£ ref 

Refresh Period 

- 

8 

- 

8 

- 

8 

ms 


£ wcs 

Write Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

12 

£ CUD 

CAS to WRITE Delay Time 

20 

- 

20 

- 

25 

- 

ns 

12 

t RWD 

RAS to WRITE Delay Time 

70 

- 

80 

- 

100 

- 

ns 

12 

t AWD 

Column Address to L r RITE 

Delay Time 

35 

- 

40 

- 

50 

- 

ns 

12 

c CSR 

CAS Set-Up Time (CAS before RAS) 

10 

- 

10 

- 

10 


ns 


L CHR 

CAS Hold Time (CAS before RAS) 

30 

- 

30 

- 

30 

- 

ns 


c RPC 

RAS Precharge to CAS Active Time 

0 

- 

0 

- 

0 

- 

ns 


c CPT 

ICAS Precharge Time 

(CAS before RAS Counter Test) 

40 

- 

40 

, 

50 

- 

ns 


c NCAS 

Nibble Mode Pulse Width 

20 

- 

20 

1 

20 

_ 

ns 


c NCP 

Nibble Mode CAS Precharge Time 

10 

- 

10 

- 

10 


ns 


C NRSH 

Nibble Mode RAS Hold Time 

20 

- 

20 

- 

20 

- 

ns 


t ;5CWD 

Nibble Mode CAS to WRITE Delay 

Time 

20 

- 

20 

_ 

20 

- 

ns 


t NRVL 

Nibble Mode WRITE Command to 

RAS Lead Time 

20 

- 

20 

- 

20 

- 

ns 


£ nckl 

Nibble Mode WRITE Command to 
[CAS Lead Time 

20 

- 

20 

- 

20 

- 

ns 


C TES 

Test Mode Enable Set-Up Time 
referenced to RAS 

o 

- 

0 

- 

0 

- 

ns 


C TEHR 

Test Mode Enable Hold Time 
referenced to RAS 

0 

- 

0 

- 

. 0 

- 

ns 


t TEHC 

Test Mode Enable Hold Time 
referenced to CAS 

0 

- 

0 

- 

0 

- 

ns 



CAPACITANCE (Vcc=5V±10%, f=lMHz, Ta=0'W0°C) 

SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C I1 

Input Capacitance (ACX^A9, D iy) 

- 

5 


CI2 

Input Capacitance (RAS, CAS, WRITE, TF) 

- 

7 

P F 

Co 

Output Capacitance (DoUT) 

- 

7 

P F 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced tc Vgg. 

3- IcCl* I CC3» X CC4» X CC6 depend on cycle rate. 

4. X CC1> X CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ps is required after power-up followed by any 8 RAS 
cycles before proper device operation is achieved. In case of using internal 
refresh counter, a minimum of 8 CAS Before RAS initialization cycles instead 
of 8 RAS cycles are required. 

6. AC measurements assume t-p=5ns. 

7. Vjp x (min.) and Vpp/max.) are refernce levels for measuring timing of input 
signals. Also, transition times are measured between Vih and VlL* 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF( raax *) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either tpcp or tppp must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write cycles. 

12. t \yj cS> t RWD> t CWD an d tpp.pp are not restrictive operating parameters. They are 

included in the data sheet as electrical characteristics only. If ttfCS = tpjgS 

(min.), the cycle is an early write cycle and the data out pin will remain 

open circuit (high impedance) throughout the entire cycle; If tp^p^ tpyp(min.), 
t CWD - t CWD^ mXn *) £R d tAUT) » t ap;p( rain.) , the cycle is a read-write cycle and the 
data out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

13. Operation within the tRCD(tiax.) limit insures that tp^^max.) can be met. 
tRCD(roax.) is specified as a reference point only: If tpgp is greater than• 
the specified tpgp(max.) limit, then access time is controlled by tgAC* 

1A. Operation within the tp^p(max.) limit insures that tp^c(max.) can be met. 

t RAD( max *) Xs specified as a reference point only: If t^p is greater than 
the specified tp^p(max.) limit, then access time is controlled by t^A* 
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TIMING WAVEFORMS 



WRITE CYCLE (EARLY WRITE) 
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READ-WRITE CYCLE 



NOTE: M TF n pin should be connected to Vj;l(TF) level or open, if 
’’Test Mode” is not used. 
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NIBBLE MODE 


HAS 


CAS 


A0~A9 


D OUl 


WRITE 


NIBBLE MODE 


RAS 


CAS 


A0~A9 


WRITE 


D IN 


d OUT 


READ CYCLE 



WRITE CYCLE (EARLY WRITE) 
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NIBBLE MODE READ-WRITE CYCLE 



NOTE: "TF" pin should be connected to V IL (TF) level or open. 


— A-55 — 







TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-00 
TC511001AP/AJ/AZ-10 


RAS ONLY REFRESH CYCLE 



d out 


V OH-- 

V OL — 

NOTE: WRITE="H" or "L", 


_ OPEN 

A9*"H" or 


"H" or "L M 


GAS BEFORE RAS REFRESH CYCLE 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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HIDDEN REFRESH CYCLE (READ) 



HIDDEN REFRESH CYCLE (WRITE) 



NOTE: "TF" pin should be connected to Vjl(TF) level or open, if 
"Test Mode" is not used. 
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APPLICATION INFORMATION 
ADDRESSING 

The 20 address bits required to decode 1 of the 1,040,576 ceil locations within 
the TC511001AP/AJ/AZ are multiplexed onto the 10 address inputs and latched into the 
on-chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row 1 Address Strobe (RAS) , latches the 10 row 1 address bits 
into the chip. The second clock, the Column Address Strobe (CAS), subsequently 
latches the 10 column address bits into the chip. Each of these signals, RAS, and 
CAS, triggers a sequence of events which are controlled by different delayed internal 
clocks. 

The two clock chains are linked together logically in such a way that the ad¬ 
dress multiplexing operation is done outside of the critical path timing sequence 
for read data access. The later events in the CAS clock sequence are inhibited until 
the occurrence of a delayed signal derived from the RAS clock chain. This "gated 
CAS" feature allows the CAS clock to be externally activated as soon as the Row Ad¬ 
dress Hold Time specification (t^Apj) ’ nas keen satisfied and the address inputs have 
been changed from Row address to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by 
a combination of WRITE and CAS while RAS is active. The later of the signals (WRITE 
or CAS) to make its negative transition is the strobe for the Data In (Dj^) register. 
This permits several options in the write cycle timing. In a write cycle, if the 
WRITE input is brought low (active) prior to CAS, the Djy is strobed by CA.S and the 
set-up and hold times are referenced to CAS. If the input data is not available at 
CAS time or if it is desired that the cycle be a read-write cycle, the WRITE signal 
will be delayed until after CAS has made its negative transition. In this "delayed 
write cycle" the data input set-up and hold times are referenced to the negative 
edge of WRITE rather than CAS. (To illustrate this feature, Din is referenced to 
WRITE in the timing diagrams depicting the read-write and nibble mode write cycles 
while the "early write" cycle diagram shows Din referenced to CAS). 

Data is retrieved from the memory in a read cycle by maintaining WRITE in the 
inactive or high state throughout the portion of the memory cycle in which CAS is 
active (low). Data read from the selected cell will be avilable at the output 
within the specified access time. 
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DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dqut) °f the TC511001AP/AJ/AZ is the 
high impedance (open circuit) state. This is to say, anytime CAS is at a high level, 
the DoUT P^ n v - 7 iH be floating. The only time the output will turn on and contain 
either a logic 0 or logic 1 is at access time during a read cycle. Dqut remain 

valid from access time until CAS is taken back to the inactive (high level) condition. 

NIBBLE MODE 

Nibble mode operation allows faster successive data operation on 4 bits. The 
first of 4 bits is accessed in the usual manner with read data coming out at 
time. By keeping RAS low, CAS can be cycled up and then down, to read or write the 
next three pages at high data rate (faster than t^AC)• Row and column addresses need 
only be supplied for the first access of the cycles. From then on, the falling edge 
of CAS will activate the next bit. After four bits have been accessed, the next bit 
will be the same as the first bit accessed (wrap-around method). 

I—-(o> 0)—— (o, 1)--d, 0)—-(1, 1)- 


Address A9 determines the starting point of the circular 4 bits nibble. Row A9 and 
column A9 provide the two binary bits needed to select one of four bits. 

From then on, successive bits come out in a binary fashion; 00 -*■ 01 -*■ 10 11 with 

A9 row being the least significant address. 

A nibble cycle can be a read, write, or aelayed write cycle. Any conbinations 
of reads and writes or late writes will be allowed. In addition, the circular wrap¬ 
around will continue for as long as RAS is kept low. 

RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle 
at each of the 512 row address (AO^AS) within each 8 millisecond time interval. 
Although any normal memory cycle will perform the refresh operation, this function 
is most easily accomplished with "RAS-only" cycles. 
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CAS BEFORE RAS REFRESH 

CAS before RAS refreshing availalbe on the TC511001AP/AJ/AZ offers an alternate 
refresh method. If CAS is held on low for the specified period (tcSR) be f° re RAS 
goes to low, on chip refresh control clock generators and the refresh address counter 
are enabled, and an internal refresh operation takes place. After the refresh op¬ 
eration is performed, the refresh address counter is automatically incremented in 
preparation for the next CAS before RAS refresh operation. 

HIDDEN REFRESH 

An optional feature of the TC511001AP/AJ/AZ is that refresh cycles may be per¬ 
formed while maintaining valid data at the output pin. This referred to as Hidden 
Refresh. Hidden Refresh is performed by holding CAS at Vjl and taking RAS high and 
after a specified precharge period (tpp), executing a CAS before RAS refresh cycle, 
(see Figure below) 



REFRESH CYCLE 


CAS 




d OUT 




I 



This feature allows a refresh cycle to be "hidden" among data cycles without 
affecting the data avilability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC511001AP/AJ/AZ can be tested by CAS BEFORE 
RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the inter¬ 
nal counter address as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initializa¬ 
tion cycles. The test procedure is as follows. 

(T) Write ”0" into all the memory cells at normal write mode. 

(J) Select one certain column address and read ’'O’ 1 out and write "l” in each cell 
by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE). 

Repeat this operation 512 times. 

(5) Check "1" out of 512 bits at normal read mode, w^hich was written at (T) . 

(£) Using the same column as (2), read "1" out and write "0” in each cell performing 
CAS BEFORE RAS REFRESH COUNTER TEST. 

Repeat this operation 512 times. 

( 5 ) Check ”0” out of 512 bits at normal read mode, which was written at (7). 

© Perform the above (T) to ( 5 ) the complement data. 
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TEST MODE 

The TC511001AP/AJ/AZ is the RAM organized 1,048,576 words by 1 bit, it is inter¬ 
nally organized 262,144 words by 4 bits. In ’’Test Mode”, data are written into 
a number of sectors (4 sectors) in parallel and retrieved the same way. If, upon 
reading, all bits are equal (all "H" or "L”)t the data output pin indicates a same 
data as all bits. In this case, the data output pin indicates an expected data for 
good parts, the data output pin indicates a complementary data for bad parts. And 
also, if any of the bits differed, the data output pin would indicate a high im¬ 
pedance state for bad parts. Fig.l shows the block diagram of TC511001AP/AJ/AZ in¬ 
cluding its truth table when "Test Mode” is used. 

In test mode, 1MDRAM can be tested as if it were 256K DRAM by the following method. 


Block Diagram in Test Mode 


An, Am 



TF Pin^Super Voltage; Test Mode 
TF Pin*ViL(TF) level or Hi-Z; Normal 


Truth Table in Test Mode Function 


1 A B C D | 

DoUT 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 Otherwise | 

Hi-Z 


Fig. 1 
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"Test Mode" function is performed on any of the timing cycles except Nibble 
mode when "TF" pin is held on "super voltage (Vqq+4.5V (Vqc= 5V±10%), max. voltage= 
10.5V)" for the specified period (txES> t TEHR anc * t TEHC^ see 2). 

The address input of A9 is ignored in the "Test Mode". 

On the other hand, normal operation requires the "TF" pin be connected to 
Vil(TF) level, or left unconnected on the printed wiring board. 

The "Test Mode" function reduces test times (1/4; in case of using N test pattern). 
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OUTLINE DRAWINGS 

• Plastic DIP Unit in mm 





Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position 
with respect to No.l and No.18 leads. 

All dimensions are in millimeters. 
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• Plastic SOJ 

Unit in mm 



9 
2 

10 
uO 


Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 
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• Plastic ZIP 

Unit in mm 



2 4 6 8 12 14 15 18 20 


Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 

DESCRIPTION 

The TC511002AP/AJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 
1 bit. The TC511002AP/AJ/AZ utilizes TOSHIBA'S CMOS Silicon gate process technology as 
well as advnaced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC511002AP/AJ/AZ to be 
packaged in a standard 18 pin plastic DIP, 26/20 pin plastic SOJ nad 20/19 pin plastic 
ZIP. The package size provides system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10% tolerance, direct interfacing capability with high perfor¬ 
mance logic families such as Schottky TTL. 


FEATURES 


• 1,048,576 word by 1 bit organization 
» Fast access time and cycle time_ 



TC5110 0ZP&/&J/AZ -7Q/~ 8Q/~ 10 

iRAC RAS Access Time 

70ns 

80ns 

100ns 

t AA 

Column Address 
Access Time 

35ns 

40ns 

50ns 

C CAC 

CS Access Time 

20ns 

20ns 

25ns 

C RC 

Cycle Time 

130ns 

150ns 

180ns 

c SC 

Static Column 
Mode Cycle Time 

40ns 

45ns 

55ns 


Single power supply of 5V±10% with a 
built-in Vgg generator 


PIN CONNECTION (TOP VIEW) 

Plastic DIP Plastic SOJ Plastic ZIP 


Low Power 

440mW MAX. Operating (TC511002AP/AJ/AZ-70) 
385mW MAX. Operating (TC511Q02AP/AJ/AZ-S0) 
330mW MAX. Operating (TC511002AP/AJ/AZ-10) 
5.5mW MAX. Standby 

Output unlatched at cycle end allows two- 
dimensional chip selection 
Common I/O capability 

Read-Modify-Write, CS before RAS refresh, 
RAS-only refresh, Hidden refresh. Static 
Column Mode and Test Mode capability. 

All inputs and output TTL compatible 
512 refresh cycles/8ms 
Package Plastic DIP: TC511002AP 

Plastic SOJ: TC5U002AJ 

Plastic ZIP: TC511002AZ 



PIN NAMES 


A0^ A9 

Address Inputs 

RAS 

Row Address Strobe 

din 

Data In 

d out 

Data Out 

CS 

Chip Select Input 

WRITE 

Read/Write Input 

Vcc 

Power (+5V) 

Vss 

Ground 

TF 

Test Function 

N.C. | 

No Connection 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

VlN 

-l'W 

V 

1 

Test Function Input Voltage 

VlN(TF) 

-1^ 10.5 

V 

1 

Output Voltage 

VOUT 

-l'W 

V 

1 

Power Supply Voltage 

V CC 

-l'W 

V 

1 

Operating Temperature 

ToPR 

O'v 70 

°C 

1 

Storage Temperature 

TsIG 

-55 ^150 

°c 

1 

Soldering Temperature • Time 

t SOLDER 

260 • 10 

°C • sec 

1 

Power Dissipation 

pd 

600 

mW 

1 

Short Circuit Output Current 

lOUT 

50 

mA 

] 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0'W0°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vec 

Supply Voltage 

4, 5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 

V IH(TF) 

Test Enable Input High Voltage 

v CC+4.5 

- 

10.5 

V 

2 

V IL(TF) 

Test Disable Input Low Voltage 

-1.0 


v CC+0.1 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V C c=5±10%, Ta=OWO°C) 


SYMBOL 

PARAMETER | 

MIN. 

MAX. 

UNITS 

NOTES 

I CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CS*, Address Cycling: t^Q=tRC MIN.) 

TC5 U002AP/A J/AZ-7 0 

_ 

80 

mA 

3,4 

UGonoozAP/AJ/kz-eo 

- 

70 

T C511002AJ6/A J/AZ-10 

- 

60 

I CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CS=V IH ) 

- 

2 

mA 


TCC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CS= V IH: t RC= t RC MIN.) 

TC 5L1CC2AP/A J/AZ-70 

- 

80 

mA 

3 

TC 5110C2 AP/AJ/AZ-QO 

- 

70 

TC 511002 AP/A J/A Z-10 

- 

60 

I CC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column 
Mode(RAS=CS=VjL, Address Cycling: t sc =tsQ MIN.) 

TC51100 2AP/AJ/AZ-7 C 

- 

60 

mA 

3,4 

TC 51100 2AP/A J/aZ-B 0 

- 

50 

TC511002AP/AJ/AZ-10 

- 

40 

TCC5 

STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CS=V cc -0.2V) 

- 

1 

mA 


I CC6 

CS BEFORE RAS REFRESH CURRENT _ _ 

Average Power Supply Current, CS Before RAS 

Mode (RAS, CS Cycling: t RC =tRQ MIN.) 

TC511002AB'AJ/A Z-7 0 

- 

80 

mA 

3 

TC511002AP/A J/A Z-80 

- 

70 

TC5 11002AJP/AJ/AZ-1Q 

_ 

60 

I I(L) 

INPUT LEAKAGE CURRENT (any input except TF) 

Input Leakage Current, any input 

(0V£ V ih £ 6.5V, All Other Pins Not Under Test=0V) 

-10 

10 

yA 


I ITF(L) 

INPUT LEAKAGE CURRENT (only TF) 

(0VS Vin(TF) ^ Vcc+0.5V, All Other Pins Not Under Test=0V) 

-10 

10 

pA 


I 0(L) 

OUTPUT LEAKAGE CURRENT —— 

(DoUT i s disabled, 0V = Vqut = +5.5V) 

-10 

10 

PA 


IlF 

TEST FUNCTION INPUT CURRENT 
(V C c+^-5V< V in (TF) < 10.5V) 

- 

1 

mA 


VOH 

OUTPUT LEVEL 

Output "H" Level Voltage (IoUT®~5m.A) 

2.4 

- 

V 


hJ 

o 

> 

OUTPUT LEVEL 

Output "L" Level Voltage (IquT = 4.2mA) 

- 

0.4 

V 
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TC511002AP/AJ/AZ-70 „ TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


( v Cc=5 v±1 °%, Ta=0'W0°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TC 511002 
AP/AJ/AZ-70 

TC511002 
AP/AJ/AZ—80 

TC511002 
AP/AJ/AZ—10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

130 

- 

150 

- 

180 

- 

ns 


t RWC 

Read-Write Cycle Time 

155 

- 

175 

- 

210 

- 

ns 


c SC 

Static Column Mode Cycle Time 

40 

- 

45 

- 

55 

- 

ns 


1 SRWC 

Static Column Mode Read Write 
Cycle Time 

70 

- 

80 


100 

- 

ns 


c RAC 

Access Time from RAS 

- 

70 

- 

80 

- 

100 

ns 

8,13 

t CAC 

Access Time from CS 

- 

20 

- 

20 

- 

25 

ns 

8,13 

t Ak 

Access Time from Column Address 

- 

35 

- 

40 

- 

50 

ns 

8,14 

*-ALW 

Access Time from Last Write 

- 

65 

- 

75 

- 

95 

ns 

8,15 

t CLZ 

CS to Output in Low-Z 

0 

- 

0 

- 

0 

- 

ns 

8 

c OFF 

Output Buffer Turn-Off Delay 

0 

20 

0 

20 

0 

20 

ns 

9 

£ aoh 

Output Data Hold Time from 

Column Address 

5 

- 

5 

- 

5 

- 

ns 


l OW 

Output Data Enable Time from 
WRITE 


20 

- 

20 

- 

25 

ns 


tWOH 

Output Data Hold Time from 

WRITE 

0 

- 

0 

- 

0 

- 

ns 


C T 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 

7 

t RP 

RAS Precharge Time 

50 

- 

60 

- 

70 

- 

ns 


t RAS 

RAS Pulse Width 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


tRASC 

RAS Pulse Width 
(Static Column Mode) 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


tRSH 

CS to RAS Hold Time 

20 

- 

20 

- 

25 

- 

ns 


t CSH 

RAS to CS Hold Time 

70 

- 

80 

- 

100 

- 

ns 


C cs 

CS Pulse Width 

20 

10,000 

20 

10,000 

25 

10,000 

ns 


£ csc 

CS Pulse Width 
(Static Column Mode) 

20 

100,000 

20 

100,000 

25 

100,000 

ns 


t RCD 

RAS to CS Delay Time 

20 

50 

20 

60 

25 

75 

ns 

13 

t RAD 

RAS to Column Address Delay Time 

15 

35 

15 

40 

20 

50 

ns 

14 

c CRP 

CS to RAS Precharge Time 

5 

- 

5 

- 

5 

- 

ns 


C CP 

CS Precharge Time 
(Static Column Mode) 

10 

- 

10 

- 

10 

- 

ns 


t ASR 

Row Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


*-RAH 

Row Address Hold Time 

10 

- 

10 

- 

15 

- 

ns 


*-ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


t CAH 

Column Address Hold Time 

15 

- 

15 

- 

20 

- 

ns 


C AWR 

Write Address Hold Time 
referenced to RAS 

55 

- 

60 

- 

75 

- 

ns 


t AR 

Column Address Hold Time 
referenced to RAS 

80 

- 

90 

- 

115 

- 

ns 


t RAL 

Column Address to RAS Lead Time 

35 

- 

40 

- 

50 

- 

ns 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC511002 
AP/AJ/AZ-70 

TC511002 

AP/A J/AZ-80 

TC511002 

AP/AJ/AZ-10 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

fc AH 

Column Address Hold Time 
referenced to RAS Rise 

5 

- 

5 

- 

10 

- 

ns 

16 

c CWL 

Write Command to CS Lead Time 

20 

- 

20 

- 

25 

- 

ns 


C LWAD 

Last Write to Column Address 
Delay Time 

20 

30 

20 

35 

25 

45 

ns 

15 

C AHLW 

Last Write to Column Address 
Hold Time 

65 

- 

75 

- 

95 

- 

ns 


t RCS 

Read Command Set-Up Time 
referenced to CS" 

0 

- 

0 

_ 

0 

- 

ns 


t RCH 

Read Command Hold Time 
referenced to CS 

0 

- 

0 

- 

0 

- 

ns 

10 

t RRH 

Read Command Hold Time 
referenced to RAS 

0 

- 

0 

- 

0 

- 

ns 

10 

c WCH 

Write Command Hold Time 

15 

- 

15 


20 

- 

ns 

12 

t WCR 

Write Command Hold Time 
referenced to RAS 

55 

- 

60 

- 

75 

- 

ns 


fc WP 

Write Command Pulse Width 

15 

- 

15 

- 

20 

- 

ns 


twi 

Write Command Inactive Time 

10 

- 

10 

- 

10 

- 

ns 


C RWL 

Write Command to RAS Lead Time 

20 

- 

20 

- 

25 

- 

ns 


tDS 

Data-In Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

11 

tDH 

Data-In Hold Time 

15 

- 

15 

- 

20 

- 

ns 

11 

tDHR 

Data-In Hold Time referenced 
to RAS 

55 

- 

60 

- 

75 

- 

ns 


t REF 

Refresh Period 

- 

8 

- 

8 

- 

8 

ms 


c WCS 

Write Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

12 

tCWD 

CS to WRITE Delay Time 
(READ-WRITE CYCLE) 

20 

- 

20 

- 

25 

- 

ns 

12 

tRWD 

RAS to WRITE Delay Time 
(READ-WRITE CYCLE) 

70 

- 

80 

- 

100 

- 

ns 

12 

tAWD 

Column Address to WRITE Delay 
Time 

35 

- 

40 

- 

50 

- 

ns 

12 

c CSR 

C3 Set-Up Time (CT before 553) 

10 

- 

10 

- 

10 

- 

ns 


t CHR 

CS Hold Time (CS before RAS) 

30 

- 

30 

- 

30 

- 

ns 


tRPC 

RAS Precharge to CS* Active 

Time 

0 

- 

0 

- 

0 

- 

ns 


tCPT 

CS Precharge Time 

(CS before RAS Counter Test) 

40 

- 

40 

- 

50 

- 

ns 


C CPN 

CS* Precharge Time 

10 

- 

10 

- 

15 

- 

ns 


t TES 

Test Mode Enable Set-Up Time 
referenced to RAS 

0 

- 

0 

- 

0 

- 

ns 


*-TEHR 

Test Mode Enable Hold Time 
referenced to RAS 

0 

- 

0 

- 

0 

- 

ns 


t TEHC 

Test Mode Enable Hold Time 
referenced to CS" 

0 

- 

0 

- 

0 

- 

ns 
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TC511002AP/AJ/AZ-70. TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 


CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

cn 

Input Capacitance (A0vA9, Djy) 

- 

5 

pF 

C I2 

Input Capacitance (RAS, CS, WRITE, TF) 

- 

7 

co 

Output Capacitance (Dqut) 

- 

7 


NOTES: 

1. Stresses greater than those listed under ’’Absolute Maximum Ratings” may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg, 

3. I CC1> I CC3» TcC 4 » X CC6 depend on cycle rate. 

4. lcci> 1CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ps is required after power-up followed by any 8 RAS cycles 
before proper device operation is achieved. 

In case of using internal refresh counter, a minimum of 8 CS" Before RAS initial¬ 
ization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tT=5ns. 

7. Vj H (min.) and Vjp(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjr and V^p. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQFF( max *) defines the time at which the output achieves the open circuit con¬ 
dition and is not referenced to output voltage levels. 

10. Either t^cH or t RRH must be satisfied for a read cycle. 

11. These parameters are referenced to CfS leading edge in early write cycles and to 
WRITE leading edge in read-write cycles. 

12. tWCS> tRvn), tpwp and tAWD are not restrictive operating parameters. They are 
included in the data sheet as electrical characteristics only. If tycS = .twcs( m *- n *)* 
the cycle is an early write cycle and data out pin will remain 

open circuit (high impedance) throughout the entire cycle ; If tRWD = t RWD( man *)» 
tCWD = tcWD(min.) and tAWD = tAWD(min.), the cycle is a read-write cycle and the 
data out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

13. Operation within the t^Q D (min.) limit insures that tRAc(max.) can be met. 
tRCD( max •) is specified as a reference point only: If tRpp is greater than the 
specified tRpp(max.) limit, then access time is controlled by tpAC* 

14. Operation within the tRAD(max.) limit insures that tRAc(max.) can be met. 
tRAD( max «) is specified as a reference point only: If t^p is greater than the 
specified tRAD(max.) limit, then access time is controlled exclusively by tAA« 

15. Operation within the tpwAD(max.) limit insures that tALW(max.) can be met. 

tLWAD(m ax .) is specified as a reference point only: If tp^AD is greater than the 
specified tpyAD( max *) limit* then access time is controlled exclusively by tAA* 

16. tAH is the condition to latch column address when RAS has rised up. 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 


TIMING WAVEFORMS 




NOTE: "TF" pin should be connected to Vjl(TF) level or open, if "Test 
Mode" is not used. 











TCS11002AP/AJ/AZ-70, TCS11002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 

READ-WRITE CYCLE 



NOTE: "TF" pin should be connected to Vjl(TF) level or open, if 
“Test Mode" is not used. 




TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 


STATIC COLUMN MODE READ CYCLE 



NOTE: "TF" pin should be connected to VjlCTF) level or open, if 
"Test Mode" is not used. 
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TC511002AP/AJ/AZ-70, TG511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 


STATIC COLUMN HOPE WRITE CYCLE (EARLY WRITE) 


RAS 

A0~A9 

CS* 

WRITE 

D IN 

d out 



STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 



Y77X : "H" or "L" 

NOTE: "TF" pin should be connected to Vjl(TF) level or open, 
if "Test Mode" is not used. 
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TG511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 


STATIC COLUMN MODE READ-WRITE CYCLE 
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TCS11002AP/AJ/AZ-70, TCS11002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 


RAS ONLY REFRESH CYCLE 



CS BEFORE RAS REFRESH CYCLE 



”TF" pin should be connected to level or open, if 

’’Test Mode” is not used. 
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TC511002AP/A J/AZ-70, TG511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 





TF" pin should be connected to Vjl(TF) level or open, if 
'Test Mode” is not used. 













TC511002 

TC511002 


CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

X 


L 














TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 


TEST MODE 

The TC511002AP/AJ/AZ is the RAM organized 1,048,576 words by 1 bit, it is 
internally organized 262,144 words by 4 bits. In "Test Mode", data is writ¬ 
ten into a number of sectors (4 sectors) in parallel and retrieved the same way. 

If, upon reading, all bits are equal (all "H" or "L"), the data output pin in¬ 
dicates a same data as all bits. In this case, the data output pin indicates an 
expected data for good parts, the data output pin indicates a complementary data 
for bad parts. And also, if any of the bits differed, the data output pin would 
indicate a high impedance state for bad parts. Fig. 1 shows the block diagram of 
TC511002AP/AJ/AZ including its truth table when "Test Mode" is used. 

In test mode, 1MDRAM can be tested as if it were 256K DRAM by the following method. 

Block Diagram in Test Mode 


An , Am 



TF Pin= Super voltage; Test Mode 
TF Pin= Vjl(TF) level or Hi-Z; Normal 


Truth Table in Test Mode Function 


A B C D | 

DoUT 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

Otherwise 

Hi-Z 


Fig. 1 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 


’’Test Mode” function is performed on any of the timing cycles including 
static column mode when "TF" pin is held on "super voltage (Vcc+4.5V(Vcc=5V±10%), 
max. voltage = 10.5V)” for the specified period (t-jES* ^TEHR anc * tTEHCi see Fig* 2). 
The address input of A9 is ignored in the "Test Mode". 

On the other hand, normal operation requires the "TF" pin be connected to 
Vil(TF) level or left unconnected on the printed wiring board. 

The "Test Mode" function reduces test times (1/4; in case of using N test pattern). 


RAS 


cs 


TF 



Fig.2 Test Mode Cycle 



TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 


OUTLINE DRAWINGS 

Plastic DIP 

Unit in mm 

18 17 16 15 14 13 12 11 10 



123 45 6789 




Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of 

their true longitudinal position with respect to No.l and No.18 leads. 
All dimensions are in millimeters. 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 


Plastic SOJ 

Unit in mm 




Note: Each lead pitch 1.27mm. 

All dimensions are in millimeters. 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 


Plastic ZIP 


Unit in mm 




1 3 5 7 9 II 13 15 17 19 


a _n _n_n_n r 

! R R 

L R 

o 


vH 

n 

nr 



TT 



2 4 6 8 12 14 16 18 20 


Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time x^ithout notice, to change said 
circuitry 
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TOSHIBA MOS MEMORY PRODUCTS 


TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
TC514256AP/AJ/AZ-10 

DESCRIPTION 

The TC514256AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 
bits. The TC514256AP/AJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC514256AP/AJ/AZ to be 
packaged in a standard 20 pin plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic 
ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10% tolerance, direct interfacing capability with high per¬ 
formance logic families such as Schottky TTL. 




Low Power 

440mW MAX. Operating(TC514256AP/AJ/AZ-70) 
385mW MAX. Operating(TC514256AP/AJ/AZ-80) 
330mW MAJI. Operating (TC514256AP/AJ/AZ-10) 
5.5 mW MAX. S t and by 

Outputs unlatched at cycle end allows two- 
dimensional chip selection 
Read-Moaify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, and 
Fast Page Mode capability 
All inputs and outputs TTL compatible 
512 refresh cycles/8ms 
Package Plastic DIP: TC514256A? 

Plastic SOJ: TC51.4256AJ 
Plastic ZIP: TC514256AZ 

BLOCK DIAGRAM 


I/O1 L/C 2 L/05 L/04 
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
TC514256AP/AJ/AZ-10 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

VlN 

-1 % 7 

V 

1 

Output Voltage 

v OUT 

-1 ~7 

V 

1 

Power Supply Voltage 

V CC 

-1 ~ 7 

V 

1 

Operating Temperature 

topr 

0^ 70 

°C 

1 

Storage Temperature 

t STG 

-55^150 

°c 

1 

Soldering Temperature • Time 

T SOLDER 

260 • 10 

°C* sec 

1 

Power Dissipation 

PD 

600 

mW 

1 

Short Circuit Output Current 

Tout 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

VCC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V IL 

Input Low Voltage 

-1.0 


0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V C c°5V±10%, Ta=Q^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

Icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tpc=tpc MIN.) 

TC51425SAP/AJ/AZ -70 

- 

80 

mA 

3,4 

TC514256AB'XJ/AZ - 80 

- 

70 

TC5K256AP/XJ/XZ-10 

- 

60 

I CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V IH ) 

- 

2 

mA 


TCC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS—Vjp: iRC^^RC MIN.) 

TO514255AP/AJ/AZ -70 

- 

80 

mA 

3 

TC514235AP/aJ/aZ - 80 

- 

70 

TO 514235AP/XJ/a2~10 

- 

60 

I CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS=V]"l, CAS, Address Cycling: tpc=tp£ MIN.)| 

TO 514255AP/AJ/AZ-70 

- 

60 

mA 

3,4 

TO 5K256AP/AJ/XZ - 8 0 

- 

50 

TC51A256AP/AJ/XZ-10 

- 

40 

I CC5 

STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CAS=V CC -0.2V) 

- 

1 

mA 


TCC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS Mode (RAS, CAS Cycling: tpc~ t RC MIN.) 

T0514256AP/XJ/X2-70 

- 

80 

mA 

3 

T0514256APXAJ/XZ-80 

- 

70 

TC534256AP/AJ/AZ-10 

- 

60 

I I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V= Vin 5 6.5v, All Other Pins Not Under Test=0V) 

-10 

10 

PA 

: 

^(L) 

OUTPUT LEAKAGE CURRENT 

(Dqut is disabled, 0V i Vqut5 5.5V) 

-10 

10 

yA 


V 0H 

OUTPUT LEVEL 

Output n H” Level Voltage (IoUT = “5mA) 

2.4 

- 

V 


V 0L 

OUTPUT LEVEL 

Output "L" Level Voltage (IoUT~4.2mA) 

- 

0.4 

V 
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
TC514256AP/AJ/AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V CC =5V±10%, Ta-O'WO'C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

j TC51^256AP/ 
AJ/AZ-70 

TC51-* 256AP / 
AJ/AZ-80 

TC51-. 256AF / 
AJ/AZ-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

t RC 

Random Read or Write Cycle Time 

130 

- 

150 

- 

180 

- 

ns 


tRKW 

Read-Mod ifv-Write Cycle Time 

185 

- 

205 

- 

245 

- 

ns 


c PC 

Fast Page Mode Cycle Time 

40 

- 

45 

- 

55 

- 

ns 


tPRMW 

Fast Page Mode Read-Modify- 
|Write Cycle Time 

95 

- 

100 

- 

115 

- 

ns 


t RAC 

Access Time from RAS 


70 

- 

80 

- 

100 

ns 

8,13 

r CAC 

Access Time from CAS 

- 

20 

- 

20 

- 

25 

ns 

8,13 

tAA 

Access Time from Column Address 

- 

35 

- 

40 

- 

50 

ns 

8,14 

l C?A 

Access Time from CAS Precharge 

- 

35 

- 

40 

~ 

50 

ns 

8,14 

t CLZ 

CAS to output in Low-Z 

0 

- 

0 

- 

C> 

- 

ns 

5 

tOFF 

Output Buffer Turn-off Delay 

0 

20 

0 

20 

0 

20 

ns 

9 

t T 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

*3 

50 

ns 

7 

tRP 

RAS Precharge Time 

50 

- 

60 

- 

70 

- 

ns 


t RAS 

RAS Pulse Width 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


r RASP 

RAS Pulse Width (Fast Page Mode) 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


t RSH 

(RAS Hold Time 

20 

- 

20 

- 

25 


ns 


t CSH 

CAS Hold Time 

70 

- 

80 

- 

100 

- 

ns 


L CAS 

CAS Pulse Width 

20 

10,000 

20 | 

10,000 

25 

10,000 

ns 


l rcd 

RAS to CAS Delay Time 

1 20 j 

50 

20 | 

60 

25 j 

75 

ns 

13 

l RAD 

RAS to Column Address Delay Time ! 15 

3 5 

1 15 I 

40 

20 

50 

ns 

14 

: CR? 1 

CAS to RAS Precharge Time | 5 

- 1 

: i 

5 


10 1 

- 

ns 


: CPN |CAS Precharge Time 10 

- 

10 1 


15 

- 

ns 


-CP 

CAS Precharge Time 
(Fast Page Mode) 

10 

- 

10 

I 

10 

- 

ns 


ASR 

Row Address Set-Up Time 

0 

- 

0 

- 

t 0 

- 

ns 


RAH 

Row Address Hold Time 

10 

- 

10 

- 

I 15 

- 

ns 


ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


CAK 

Column Address Hold Time 

15 

- 

15 

- 

20 

- 

ns 


AR 

Column Address Hold Time 

referenced to RAS 

55 

- 

60 

- 

75 

- 

ns 


RAL 

Column Address to RAS Lead Time 

35 

- 

40 

- 

50 

- 

ns 


RCS 

Read Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


RCH 

^eaa Command Hold Time 

0 

_ 

0 

_ 

0 

_ 

ns 

10 










TC514256AP/AJ/AZ-70. TC514256AP/AJ/AZ-80 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC514256AP/ 

AJ/AZ-70 

TC514256AP/ 

AJ/AZ-80 

TC514 

AJ/A 

256AP / 
Z-10 

UNITS 

NOTES 



KIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 



C RRH 

Read Command Hold Time 
referenced to RAS 

o 

- 

0 

- 

0 

- 

ns 

10 

t WCH 

Write Command Hold Time 

15 

- 

15 

- 

20 

- 

ns 


t WCR 

typ 

Write Command Hold Time 

referenced to RAS 

Write Command Pulse Width 

55 

15 

- 

60 

15 

- 

75 

20 

- 

ns 

ns 


C RWL 

Write Command to RAS Lead Time 

20 

~ 

20 


25 

- 

ns 


t CU T L 

Write Command to CAS Lead Time 

20 

- 

20 

- 

25 

- 

ns 


t DS 

Data Set-Up Time 

0 


0 

- 

0 

_ 

ns 

11 

C DH 

Data Hold Time 

15 

- 

15 

- 

2 0 

- 

ns 

11 

t DHR 

Data Hold Time referenced to 

rXs 

55 

- 

60 


75 

- 

ns 


r REF 

Refresh Period 

- 

8 

- 

8 

- 

8 

ms 


t WCS 

Write Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

12 

t CU T D 

CAS to WRITE Delay Time 

50 

- 

50 

- 

60 

- 

ns 

12 

t RU T D 

RAS to WRITE Delay Time 

100 

- 

110 

- 

135 

- 

ns 

12 

r AWD ; 

Column Address to WRITE Delay 
Time 

65 

- 

70 

- 

85 

- 

ns 

12 

t CSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

10 

- 

10 

- 

10 

- 

ns 


t CHR 

CAS Hold Time 

(CAS before RAS Cycle) 

30 

- 

30 

- 

30 

- 

ns 


tRPC i 

RAS to CAS Precharge Time 

0 

- 

0 

- 

0 

- 

ns 


tCPT 

CAS Precharge Time (CAS before 
RAS Counter Test Cycle) 

40 

- 

40 

- 

50 

- 

ns 


r ROB | 

RAS Hold Time referenced to OE 

10 

- 

10 

- 

20 

- 

ns 


t OEA 

OE Access Time 

- 

20 

- 

20 

- 

25 

ns 


a 

o 

OE to Data Delay 

20 

- 

20 

- 

25 

- 

ns 


; 

t 0EZ 

Output buffer turn off. Delay 
Time from OE 

0 

20 

0 

20 

0 

25 

ns 


t OEK 

OE Command Hold Time 

20 

- 

20 

- 

25 


ns 


CAPACITANCE (V CC =5V-10%, f=lMHz, Ta=0 

^ 70°C) 






SYMBOL 1 

PARAMETER 

MIN, 

' 1 MAX;. UN 

IT 



:c Ii 

Input Capacitance (A0^-A8) 

- 

5 

! p 

F 



C I2 

Input Capacitance (RAS, CAS, WR 

JTE, 0 

E) 

- 

7 

1 p 

F 



Co 

Input/Output Capacitance (1/01 

^ 1/04) 


_ 

7 

p 

p 




Egsli] 





TCS142S6AP/AJ/AZ-70, TG5142S6AP/AJ/AZ-80 
TC514256AP/AJ/AZ-10 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vss* 

3- ^CCl- *CC3> I CC4 > I CC6 depend on cycle rate. 

4. Icci» ^CC4 depend on output loading. Specified value are obtained with the 
output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

t. AC measurements assume tT=5ns. 

7. Vjp(min.) and VipCmax.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vpp and Vjp. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. topp(max.) and toEZ^ rriax *) define the time at which the output achieves the open 
circuit condition and are not referenced to output -voltage levels. 

10. Either tpgy or tppp must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in Reac-Mocify-VJrite cycles. 

12. tprgs, tppm), tcWD ana t AWD are not restrictive operating parameters. They are in¬ 
cluded in the data sheet as electrical characteristics only. If tpigc = t^gg (min.), 
the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) through the entire cycle; If tpvjD = tRWD (min.) , tCWT> = tcWD (min. ) 
and t^JD= ^AWD(min.), the cycle is a Read-Modify-Write cycle and the data out will 
contain data read from the selected cell: If neither of the above sets of con¬ 
ditions is satisfied, the condition of the data out (at access time) is in¬ 
determinate. 

13. Operation within the tpcp(max.) limit insures that tp^ptmax.) can be met. 
tpcp( m£X -) is specified as a reference point only: If tppp is greater than the 
specified tpcp(max.) limit, then access time is controlled by t 

14. Operation within the tp_£T)(max.) limit insures that tp^Q(max.) can be met. 
tRAp(max.) is specified as a reference point only: If tp^j) is greater than the 
specified tpj^p(max.) limit, then access time is controlled by t^. 
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
TC514256AP/AJ/AZ-10 


FAST PAGE MODE READ CYCLE 
























TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
TC514256AP/AJ/AZ-10 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 


WRITE 

V IL 


VlH 

OE 


VlL 

I/Ol 

VI/OK 

1/04 

VI/OL 


t AWD 1 
X WP 
x OEA 







TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
TC5142S6AP/AJ/AZ-10 



Note: WRITE, OE="H" or "L" VTA '' " H " or " L " 


CAS BEFORE RAS REFRESH CYCLE 



Note: WRITE, OE, A0^A8="H" or "L" ' "H" or "L" 
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
TC514256AP/AJ/AZ-10 


HIDDEN REFRESH CYCLE (READ) 






TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
TC514256AP/A J/AZ-10 


HIDDEN REFRESH CYCLE (WRITE) 
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CAS BEFORE RAfT REFRESH COUNTER TEST CYCLE 
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OUTLINE DRAWINGS 

• Plastic DIP 

Unit in mm 



Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal 
position with respect to No.l and No.20 leads. 

All dimensions are in millimeters. 
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• Plastic SOJ 



, 17.02 - 1 7.27 | 


r 

1 „ 

26 26 24 23 22 

—\ n n n n 

j 

ie is is 14 

! nn ri n r~i 



! 

VL L - 

r 

; 

L 


: 

1 

1 

irDE>: DOT 

r ~ 

_ / 

T'- • 

_1 


UUUUU i 

1 2 3 4 t 

UUUUU 

9 10 n 12 13 



< C.66~0.81 



Each ieac pitch is 1.2 7 mm. 

All dimensions are in millimeters. 
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TC514256AP/AJ/AZ-70, TG514256AP/AJ/AZ-80 
TC514256AP/AJ/AZ-10 


* Plastic ZIP 


Unit in mm 



.3.0 MA>, . 




+ ao7 
-0-0 5 


TYF. 


TVp 


1 3 5 7 9 11 13 15 17 19 



2 4 6 8 12 14 16 18 20 


Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said 
circuitry. 
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TOSHIBA IHOS MEMORY PRODUCTS 


DESCRIPTION 


TC514256APL/AJL/AZL-70, TC514256API/AJL/AZL-80 
TC514256APL/AJI/AZL-10 


The TC514256APL/AJL/AZL is the new generation dynamic RAM organized 
262,144 words by 4 bits. The TC514 2 56APL/AJL/AZL utilizes TOSHIBA’S CMOS 
Silicon gate process technology as well as advanced circuit techniques to 
provide wide operating margins, both internally and to the system user. 
Multiplexed address inputs permit the TC514256APL/AJL/AZL to be packaged in a 
standard 20 pin plastic DIP, 26/20 pin plastic SOJ, and 20/19 pin plastic ZIP. 
The package size provides high system bit densities and is compatible with 
widely available automated testing and insertion equipment. System oriented 
features include single power supply of 5V 10% tolerance direct interfacing 
capability with high performance logic famillies such as Schottky TTL. 


FEATURES 

•262,144 word by 4 bit organization 
'Fast access time and cycle time 


i_ 

TCS14256APU/UL/AZL-70/-80/-10 

tRAC 

MS Access Time 

70ns 

80ns 

100ns 

tAA 

Column Address 
Access Time 

35ns 

40ns 

. 

50ns 

. 

tCAC 

MS Access Time 

20ns 

20ns 

25ns. 

tRC 

Cycle Time 

130ns 

150ns 1 190ns 

tPC 

Fast Page Mode 
Cycle Time 

40ns 

i 

45ns 

55ns 

_ 


•Single power supply of 5V 10% with 
a built-in VBB generater 


PIN CONNECTION (TOP VIEW) 

Plastic DIP Plastic S0J Plastic ZIP 

CAS 
1/04 
1/01 
ivRTT; 

A1 
A3 
A4 
A6 
A8 


PIN NAMES 


A0 ^ A8 

Address Inputs 

RAS 

Row Address Strobe 

CAS 

Column Address Strobe 

WRITE 

Read/Write Input 

OE 

Output Enable 

1/01 "o 1/04 

Data Input/Output 

vcc 

Power (+5V) 

vss 

Ground 

N.C. 

No Connection 



•Low Power 

440mW MAX. Operating (tcsi 4256 apl/ajl/azl- 70 ) 
385mW MAX. Operating (tc 514256 apl/ajl/azl-so) 
330mW MAX. Operat ing (tcsi 4256 apl/ajl/azl-io) 

1.ImW MAX. Standby 

•Output unlatched at cycle end allows 
two-dimensional chip selection 

• Read-Modif y-W rite, CAS before RAS 

refresh, RAS-only refresh,Hidden 
refresh, and Fast Page Mode capability 

• All inputs and outputs TTL compatible 

• 512 refresh cycle/64ms 

•Package Plastic DIP:TC514256APL 
Plastic SOJ:TC514256AJL 
Plastic ZIP:TC514 2 56AZL 

BLOCK DIAGRAM 


1/01 I/O 2 1/03 1/04 
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80 
TC514256APL/A JL/AZL-10 


ABSOLUTE MAXIHUH RATINGS 


ITeh 

SYMBOL 

RATING 1 

UNITS 

NOTES 

Input Voltage 

r , VIN 

-W . i 

V 

1 

Output Voltage 

r vout 

-1-7 i 

V 

1 

Power Supply Voltage 

Vcc 

-1-7 f 

V 

1 

Operating Temperature 

TOPR 

0-70 ! 

°C 

1 

Storage Temperature 

TSTG 

-55-150 ! 

°c 

1 

Soldering Temperature -Time 

1 TS0LDER 

260 • 10 | 

”C • sec 

1 

Power Dissipation 

i pd 

600 | 

mW 

1 

Short Circuit Output Current 

1 IOUT 

50 1 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (TaHK7(TC) 



PARAMETER 

HIN. 

TYP. 

MAX. ! UNIT l NOTES 

"Vcc 

Supply Voltage 

4.5 

KOI 

nrr' 

V 

2 

VIII 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VIL 

Input Low Voltage 

mam 

- 


V 

2 


DC ELECTRICAL CHARACTERISTICS (Vcc=5V±m, Ta=Q -7Q1S) 


SYMBOL' 1PARAMETER I MIN. ! MAX. ! 

UNITS 1 NOTES | 

led 

OPERATING CURRENT 

Average Power Supply Operating Current 
(MS, CAS, Address Cycling: tRC=tRC MIN.) 

TC514256APL/AJL/AZL-70 

- 

80 

mA 

3,4 

TC514256APL/AJL/AZL-80 

- 

70 

T C514256AP L/AJ L/AZL-10 

- 

60 

Icc2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=VIH) 

- 

2 

mA 


Icc3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=VIH: tRC=tRC MIN.) 

TC514256APL/AJL/AZL-70 

- 

80 

mA 

3 

TC514256APL/AJL/AZL-80 

- 

70 

T C514256APL/AJ L/AZ L-10 

- 

60 

Icc4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(M5=VIL, ESS, Address Cycling: tPC=tPC MIN.) 

TC514256APL/AJL/AZL-70 

- 

60 

mA 

3,4 

T C514256AP L/AJ L/AZL-80 

- 

50 , 

TC514256APL/AJ L/AZL-10 

- 

40 

Icc5 

STANDBY CURRENT 

Power Supply Standby Current 
(MS=M5=Vcc-0.2V) 


200 

UA 


ICC6 

CAS BEFORE MS REFRESH CURRENT 

Average Power Supply Current, MS Before 

MS Mode (MS, MS Cycling: tRC=tRC MIN.') 

TC514256APL/AJL/AZL-70 

- 

■80 

mA 

3 

TC514256APL/AJL/AZL-80 

- 

70 

TC514256APL/AJL/AZL-10 

- 

. 60 

Icc7 

BATTERY BACK UP CURRENT 

Average Power Supply Current, BATTERY BACK UP MODE 
(m=m Before MS Cycling or 0.2V, UE=Vcc-0.2V, MFE=Vcc-0.2V or 
0.2V, A0-8=Vcc-0.2V or 0.2V, I/01-4=Vcc-0.2v, 0.2V or OPEN: 
tRC=125#s, tRAS=tRAS MIN. - Ijdes) 

- 

200 

ua 

3,5 

IKL) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV ^VIN ^ 6.5V, All Other Pins Not Under Test=0V) 

-10 

10 

UA 


I0(L) 

OUTPUT LEAKAGE CURRENT 

(Dout is disabled, OV ^VOUT^Vcc) 

-10 

10 

UA 


VOH 

OUTPUT LEVEL 

Output ’IT Level VOLTAGE (I0UT=-5mA) 

.2.4 

i 

V 


VOL 

OUTPUT LEVEL 

Output "L" Level VOLTAGE (I0UT=4.2mA) 

- 

| 0.4 

V 
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
TC514256AP/AJ/AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5V±10%, Ta=0^70°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TC514256APL 

-70 

TC514256APL 

-80 

TC514256APL 

-10 

UNIT 

N0TEs| 



MIN. MAX. 

MIN. MAX. 

MIN. MAX. 




Random Read or Write Cycle Time 
Read-Modify-Write Cycle Time 
Fast Page Mode Cycle Time 
Fast Page Mode Read-Modify- 
Write Cycle Time 


Access Time from RAS 

Access Time from CAS 

Access Time from Column Address 

Access Time from CAS Precharge 


CAS to output m Low-Z 
Output Buffer Turn-off Delay 


Transition Time (Rise and Fall) 


RP RAS Precharge Time 

RAS RAS Pulse Width _ 

RASP RAS Pulse Width (Fast Page Mode) 

RSH RAS Hold Time 

CSH CAS Hold Time 

CAS CAS Pulse Width 

RCD RAS to CAS Delay Time 
RAD RAS to Column Address Delay Time 
CRP CAS to RAS Precharge Time 

CPN CAS Precharge Time 

CAS Precharge Time 
(Fast Page Mode) 

ASR Row Address Set-Up Time 


C RAH Row Address Hold Time 


C ASC Column Address Set-Up Time 

tCAH Column Address Hold Time 

. Column Address Hold Time 

lad _ 

referenced to RAS 

t RAL Column Address to RAS Lead Time 

c RCS Read Command Set-Up Time 


Read Command Hold Time 


ns 


ns 




- 

60 

- 

70 

- 

10,000 

80 

10,000 

100 

10,000 

100,000 

80 

ioo.ooo 

100 

100,000 

- 

20 

- 

25 

- 

- 

80 

- 

100 

- 

10,000 

20 

10,000 

25 

10,000 

50 

20 

60 

25 

75 

35 

15 

40 

20 

50 

- 

5 

- 

10 

- 

- 

10 

- 

15 

- 


10 

— 

10 



ns 13 
ns 14 


15 

- 

15 

55 

- 

60 

35 

- 

40 
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80 
TC514256APL/AJL/AZL-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC514 2 56APL 
-70 

TC514 2 56APL 
-80 

TC514 2 56APL 
-10 

UNITS 

NOTES 


MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRRH 

Read Command Hold Time 
referenced to RAS 

0 

- 

0 

- 

0 

- 

ns 

10 

t WCH 

Write Command Hold Time 

15 

- 

15 

- 

20 

- 

ns 


c WCR 

Write Command Hold Time 

referenced to RAS 

55 

- 

60 

- 

75 

- 

ns 


tWP 

Write Command Pulse Width 

15 

- 

15 

- 

20 

- 

ns 


C RWL 

Write Command to RAS Lead Time 

20 

- 

20 

- 

25 

- 

ns 


c CWL 

Write Command to CAS Lead Time 

20 

- 

20 

1 


- 



C DS 

Data Set-Up Time 

0 

- 

0 

- 

0 

- 


Kai 

tDH 

Data Hold Time 

15 

- 

15 


— 

- 


■ 

tDHR 

Data Hold Time referenced to 

RAS 

55 

- 

60 

■ 

D 

- 


■ 

t REF 

o 

Refresh Period 

- 

64 

- 

ea 

- 

■ 



c WCS 

Write Command Set-Up Time 

0 

- 

0 

- 



ns 

12 

c cwd 

CAS to WRITE Delay Time 

50 

- 

50 


60 

- 


12 

t RTO 

RAS to WRITE Delay Time 

100 

- 

110 

- 


- 

ns 

12 

C AWD 

Column Address to WRITE Delay 
Time 

65 

- 

70 

■ 


■ 

B 

12 

c CSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

10 

- 

10 

- 

10 

- 

ns 


c CHR 

CAS Hold Time 

(CAS before RAS Cycle) 

30 

- 

30 

- 

30 

- 

ns 


C RPC 

RAS to CAS Precharge Time 

0 

• - 

0 

- 

0 

- 

ns 


t CPT 

CAS Precharge Time (CAS before 
RAS Counter Test Cycle) 

40 

- 

40 

■ 

50 

■ 

ns 


c ROH 

RAS Hold Time referenced to OE 

10 

- 

10 

- 

20 


ns 


c OEA 

OE" Access Time 

- 

20 

- 



25 

ns 


c OED 

OE to Data Delay 

20 

- 

20 

- 

■ 

■■ 


— 

t OEZ 

Output buffer turn off Delay 
Time from OE 

0 

20 

0 

20 

0 

H 

B 

B 

c OEH 

OE Command Hold Time 

20 

- 

20 

- 

25 

- 

ns 



CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0'W0°C) 


SYMBOL 

PARAMETER 



UNIT 

C I1 

Input Capacitance (A0^A8) 

- 

5 

pF 

C I2 

Input Capacitance (RAS, CAS, WRITE, OE) 

- 

7 

P F 

C 0 

Input/Output Capacitance (1/01^1/04) 

- 

7 

pF 
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TC514256APL/AJL/AZL-70, TC514256APL/AJiyAZL-80 
TC514256APL/AJL/AZL-10 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vss* 

3 - ^Cl* I CC3> I CC4> I CC6 depend on cycle rate. 

4. Icci* ^CC4 depend on output loading. Specified value 
output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t-p-Sns. 

7. Vj^(min.) and Vj^Cmax.) are reference levels for measuring timing of input 

signals. Also, transition times are measured between Vxh and Vxl« ° 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFp(max.) and toEZ^ max ‘) define the time at which the output achieves the open 
circuit condition and are not referenced to output voltage levels. 

10. Either t^c^ or tp>R£ must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-modify-write cycles. 

12. tycs* tRWD* tcwD an d tAWD are not restrictive operating parameters. They are in¬ 
cluded in the data sheet as electrical characteristics only. If t^cs= t WCS(min.) 
the cycle is an early wirte cycle and data out pin will remain open circuit 
(high impedance) through the entire cycle; If t= tRWD(min.), tcwD= tCWD(min.) 
and t,\WD = t and( min.) , the cycle is a read-modif y-write cycle and data out will 
contain data read from the selected cell: If neither of the above sets of con¬ 
ditions is satisfied, the condition of the data out (at access time) is in¬ 
determinate. 

13. Operation within the tpQ)(max.) limit insures that t^c^ max *) can met. 

tRCD( max «) is specified as a reference point only: If is greater than the 

specified t^Q)(max.) limit, then access time is controlled by t^Q. 

14. Operation within the tRAj)(max.) limit insures that tRAC( max *) can met. 

**RAD(max•) is specified as a reference point only: If t^^D is greater than the 
specified tj^p(max.) limit, then access time is controlled by t^. 
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TC514256APL/AJL/AZL-70, TC514256API/AJL/AZL-80 
TC514256APL/AJL/AZL-10 


READ CYCLE 



V IH — 


I^CRP ! 1 t RCD 


iAS 

?ASR. t RAH 


/ ROW V//M COLUMN 
\addrsssA//A ADDRESS 




wm, pzi 

O 1 . t CAC 



. ^RCH 

ij._ 

t —1 


~mi/, 




I/O 1-1/04 


WRITE CYCLE (EARLY WRITE) 


j t OEZ _J 

VALID DATA-OUT \ 


"H" or "L 



_Lcsh_ 

. 5 s.ci>_!__ 


V IL “-' 

^ASR| | ^ASC 1 | | t CAH 

A0-A8 / ~ T J7JJJT/W^ 92iys>!„ ' 


ADDRESS N//AL ADDRESS 


- *RAL-“j 

'iniiiiiiiiiiiiiiiiiiiii, 






TC5142S6AP1/AJl/AZL-70, TC514256APL/AJL/AZL-80 
TC514256APL/AJL/AZL-10 


WRITE CYCLE (OE CONTROLLED WRITE) 


HAS 


CAS 


VlH- 


c RC 


“RAS 


| r CRP I 


r AR , 



^CSH 1 



r RCD , 

C RSH 


VlL 


V IH 

VlL 


-_ r 




fessj pJ3 L 


Z KP 


df 


iBAL 


ROW 

.DDRE3S 


COLUMN 

ADDRESS 


WMMMMMIIIMIK 


WRITE Vjl. 


VlL' 


I/O 1-1/04 


i-1 r 


—1 ——— « ■* *. 

r t CWL 

t RWL 


-/MJ/////////////////////////J} 



iPSj 


t 0ED r 

I^DS 

r—4 

t DH i 

-mm — mm. 

<VALID DATA-IN ^////////////!////////////////////, 


m 


"H" or "L" 


READ-MODIFY-WRITE CYCLE 











TC514256APL/AJL/AZI-70. TC514256APL/AJL/AZL-80 
TC514256APL/A JL/AZL-10 


FAST PAGE MODE READ CYCLE 



FAST PAGE MODE WRITE CYCLE 
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TG514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80 
TC514256APL/A JL/AZL-10 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 










TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80 
TC514256APL/AJL/AZL-10 


RAS ONLY REFRESH CYCLE 



Note: WRITE, OE="H" or "L" Y//\‘ " H " or " L " 

c 


CAS BEFORE RAS REFRESH CYCLE 



Note: WRITE, OE, A0^A8="H" or "L" (/A : "H" or "L” 
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80 
TC514256APL/A JL/AZL-10 


HIDDEN REFRESH CYCLE (WRITE) 







AJL/AZL-70, TC514256APL/AJL/AZL-80 
AJL/AZL-10 



r— r—, » 1 

VALID DATA-OUT 








TC514256APL/flJL/AZL-70, TC514256APL/AJl/AZL-80 
TC514256APL/A JL/AZL-10 


OUTLINE DRAWINGS 

• Plastic DIP 

Unit in mm 


20 19 18 17 16 15 14 13 12 11 

.n n n n n. n n n E=L_£H 


rijo / v 

TTO.LJ UFO. CXTZriZr .LTD - 


123456 789 10 




Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal 
position with respect to No.l and No.20 leads. 

All dimensions are in millimeters. 
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80 
TC514256APL/AJL/AZL-10 

• Plastic SOJ 



1 2 3 4 5 9 10 11 12 13 



Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 
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TC514256APL/AJL/AZL-70, TC514256APL/AJI/AZL-80 
TC514256APL/AJL/AZL-10 


• Plastic ZIP 


Unit in mm 



,3.0 MAX 


x 

< 

s 

<0 


C5 

-H 

If) 

oo 



23 

3 

o 

n 

r~ 

L 



j a25 -a°5 




137TYF. 



2.54TYP. 


1 3 5 7 9 11 13 15 17 19 


2 4 6 9 12 14 15 18 20 


Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said 
circuitry. 
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TOSHIBA MOS MEMORY PRODUCTS 


TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-10 

DESCRIPTION 

The TC514266AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 
bit. The TC514266AP/AJ/AZ utilizes TOSHIBA'S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC514266AP/AJ/AZ to be 
packaged in a standard 20 pin plastic DIP and 26/20 pin plastic SOJ and 20/19 pin plastic 
ZIP, The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10% tolerance, direct interfacing capability with high perform¬ 
ance logic families such as Schottky TTL. 


FEATURES 

• 262,144 word by 4 bit organization 

* Fast access time and cycle time 



TC5I^2 

-70 

bfaAP,AJ 
/-80/-1 

/ A L 

0 

r RAC RAS Access Time 

70ns 

80ns 

100ns 

Column Address 
^ Access Time 

35ns 

40ns 

50ns 

r CAC CAS Access Time 

20ns 

20ns 

25ns 

t RC Cycle Time 

! 130ns 

I 50ns 

180ns 

Fast Page Mode 
t PC Cycle Time 

40ns 

45ns 

1 55ns 


PIN CONNECTION (TOP VIEW) 

Plastic PIP Plastic SOJ Plastic ZIP 



Single power supply of 5V±10% with a 
built-in V’bB generator 
Low Power 

440mW MAX. Operating(TC514266AP/AJ/AZ-70) 
3C5mW MAX. Operating(TC514266AP/AJ/AZ-80) 
330mW MAX. Operating(TC514266AP/AJ/AZ-10) 
5.5mW MAX. Standby 

Output unlatched at cycle end allows two- 
dimensional chip selection 
Read-Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Write 
Per Bit and Fast Page Mode capability 
All inputs and outputs TTL Compatible 
512 refresh cycles/Sms 
Package Plastic DIP: TC514266A 3 
Plastic SOJ: TC514266AJ 
Plastic ZIP: TC514266AZ 


BLOCK DIAGRAM 

. Wg/I 02 7,4 

WI/I01 W3/103 
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TCS14266AP/AJ/AZ-10 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

Vim 

-1 7 

V 

1 

Output Voltage 

v OUT 

-1 v 7 

V 

1 

Power Supply Voltage 

v cc 

-1*7 

V 

1 

Operating Temperature 

t opr 

o 

p" 

O 

°c 

1 

Storage Temperature 

TsTG 

-55 v 150 

°c 

1 

Soldering Temperature . Time 

t solder 

260 • 10 

c C ♦ sec 

1 

Power Dissipation 

Pd 

600 

mV 

1 

Short Circuit Output Current 

iOUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP . 

MAX . 

UNIT 

NOTES 

V CC 

Supply Voltage 

A .5 

5.0 

5.5 

V 

2 

V IH 

Input High Voltage 

2.A 

- 

6.5 

V 

2 

P'lL 

Input Low Voltage 

-1.0 | 

- 

0.8 

Y 

2 


DC ELECTRICAL CHARACTERISTICS (V C c = 5V±10%, Ta=Q'WO°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

Icci 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tpc^tpc MIN.) 

TC5142 66/AAAZ-VD 

- 

80 

mA 

3,4 

TC5142 6 SARAJAZ- 80 

- 

70 

TC5142 55/AAlAZ-l 0 

- 

60 

1 CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V IK ) 

- 

2 

mA 


1 CC3 

RAS ONLY REFRESH CURRENT |TC£14266/1^aZ-70 

- 

80 

mA 

3 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vjp: tp v c=tRC MIN.) 

TC514266A84iAZ-80 

- 

70 

to 5142 e&t&kykz-i o 

- 

60 

I CCA 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode i 

TC5A266ABAlAZ“70 

- 

60 

mA 

3,4 

T05i426SA^AlAZ-80 


50 

(RAS=Vjl? CAS, Address Cycling: tpg=tpc MIN.) |tC 5 A 266 aALfA 2 -io! 

- 

40 

PCC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V CC -0.2V) 

- 

1 

mA 

1 


I CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: tpc=tpc MIN.) 

TC534266ARA3A2-70 

- 

80 

mA 

3 

TC524266ALAAAZ-80 

- 

70 

TC514266ARAJ/AZ-10 

- 

60 

~I (L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(0V 5 Vjjj 5 6.AV, All Other Pins not under Test = 0V) 

-10 

10 I 

P A i 


1 0(L) 

OUTPUT LEAKAGE CURRENT 

(Dqut disabled , 0V 4 Vqtjr l 5.5V) 

-1 ° 

10 ! 

pA | 


V 0H 

OUTPUT LEVEL 

Output "K” Level Voltage ( i0UT = ~3mA) 

2.4 


V 


V 0L 

OUTPUT LEVEL 

Output "L" Level Voltage (IoUT = 4*2mA) 

- 

0.4 

V 



— A-120 — 








TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-10 


ELECTRICAL CHARACTERISTICS AMD RECOMMENDED AC OPERATING CONDITIONS 

(V CC «5V±10%, Ta=0^70°C) (Notes 



SYMBOL 

PARAMETER 

TC51- 

2 bb AP 
^0 

TC5I4 

2 ooAP 
B0 

TC514 

2boAP 

10 

UNIT 

NOTES 




MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 



1 

tRC 

Random Read or Write Cycle Time 

130 

- 

150 

- 

180 

- 

ns 


I 

"RMV 

Read-Modify-Write Cycle Time 

185 

- 

205 

- 

245 | 

- 

ns 



tpc 

Fast Page Mode Cycle Time 

A0 

_ 

45 

- 

55 

- 

ns 



-PRMW 

Fast Page Mode Read-Modify-Write 

n - - ~ ~ fr -r- 

95 

_ 

100 


120 

- 

ns 



(Access Time from RAS 

Access Time from CAS 

Access Time from Column Address 

Access Time from CAS Precharge 


(Rise and Fall) 
me 


t CLZ 

CAS 

to Output in 

^OFF 

Output Buffer Tu 

t T 

Trar 

isition Time 

t RP 1 

RAS 

Precharge Tr 

C RAS 

RAS 

Pulse Width 

r RASP 

RAS 

Pulse Width 

t RSH 

RAS 

Fold Time 

t CSK j 

CAS 

Hold Time 

r CAS 

CAS 

Pulse Width 

t R Cp | 

RAS 

to CAS Delay 

t RAL' 

RAS 

tc Column Ad: 

r CRP 1 

CAS 

to PAS Preen, 

t CPK ! 

CAS 

Precharge Tii 

tCP 

CAS 

Precharge Tii 

PASR 

Row 

Address Set-1 

t RAH 

Row 

Address Hold 

t ASC 

Colu 

mn Address S< 


100 ns 
25 ns 
50 ns 


20 | 0 I 20 1 0 20 ns 


3 50 


Column Address Kola Time 
Column Address Hold Time 
referenced to RAS 

Column Address to RAS Lead Time 
jRead Command Set-Up Time 
Read Command Fold Time 
Read Command Hold Time 
referenced to RAS 


50 

- 

60 

- 

70 

70 

1 0.000 

80 

1 0.000 

100 

70 

100.000 

80 

100,000 

100 

20 

- 

20 

- 

25 

70 

- 

80 

- 

100 

20 

10,000 

20 

10.000 

25 

20 

50 

20 

60 

25 

15 

35 

15 

40 

20 

5 

_ 

5 


5 

10 

- 

10 

- 

15 

10 

“ 

10 

- 

10 

0 

- 

0 

- 

0 

10 

- 

10 

- 

15 

0 

- 

0 

- 

0 

15 

- 

15 

- 

20 

55 

- 

60 

- 

75 

35 

- 

40 

- 

50 

0 

- 

0 

- 

0 

0 

- 

0 

- 

0 

0 

- 

0 

- 

0 









TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC514266AP 

-70 

TC514 266AP 
-80 

TC514 266AP 
-10 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN, 

MAX . 

t WCH 

Write Command Hold Time 

15 

- 

15 

- 

20 

- 

ns 


tWCR 

Write Command Hold Time . referenced 
to RAS 

55 

- 

60 

- 

75 

- 

ns 



Write Command Pulse Width 

15 

- 

15 

- 

20 

- 

ns 


t RV. T L 

Write Command to RAS Lead Time 

20 

- 

20 

- 

25 

- 

ns 


t CL r L 

Write Command to CAS Lead Time 

20 

- 

20 

- 

25 

- 

ns 


t DS 

Data Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

11 

r DH 

Data Hold Time 

15 

- 

15 

- 

20 

“ 

n s 

11 

t DHR 

Data Hold Time referenced to RAS 

55 

- 

60 

- 

75 

- 

ns 


t REF 

Refresh Period 

- 

8 

- 

8 

- 

8 

ms 


c WCS 

Write Command Set-Up Time 

0 

- 

0 

- 

0 

- 

n s 

12 

t CWD 

CAS to WE Delay Time 

50 

- 

50 

- 

60 

- 

ns 

i ^ 

t RL T D 

RAS to WE Delay Time 

100 

- 

110 

- 

135 

- 

ns 

12 

t A\-TD 

Column Address to WE Delay Time 

65 

- 

70 

- 

85 

- 

ns 

12 

r CSR 

CA.S Set-Up Time(CAS before RAS Cycle) 

10 

- 

10 

- 

10 

- 

ns 


t CKR 

CAS Hold Time(CAS before RAS Cycle) 

30 

- 

30 

- 

30 

! 

ns 


rt 

O 

RAS to CAS Precharge Time 

0 

- 

0 

- 

0 

- 

ns 


t CPT 

CAS Precharge Time 

(CAS before RAS Counter Test Cycle) 

40 

- 

40 

_ 

50 

| 

ns 


t ROR 

RAS Hold Time referenced to OE 

10 

- 

10 

! 

20 

- 

ns 

I 

t OEA 

OE Access Time 

- 

20 

- 

20 ! 

- 

25 

ns 


t 0ED 

OE to Data Delay 

20 

| - 

20 

- 

25 

- 

ns 


l 0EZ 

Output Buffer Turn off Delay Time 
from OE 

0 

20 

0 

20 

0 

25 

ns 


ROEH 

OE Command Hold Time 

1 20 

! - 

20 

- 

25 | - 

ns 


t WB S 

Write Per Bit Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 



Write Per Bit Hold Time 

10 

- 

io ! 

- 

. 10 


ns 


r wDS 

Write Per Bit Selection Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


t V, T DH 

Write Per Bit Selection Hold Time 

10 

- 

10 

- 

10 

- 

ns 



CAPACITANCE ( V CC=5V±10%, £=lMHz, Ta=0^70°C) 


SYMBOL 

PARAMETER 

. MIN. 

MAX. 

UNIT 

c Ii 

Input Capacitance (A0AA8) 

- 

5 

pF 

C 12 

input Capacitance (RAS, CAS, WB/WE, OE) 

- 

7 

dF 

Co j 

Input/Output Capacitance (W1/101^ W4/104) 

- 

7 

PF 










TC514266AP/AJ/AZ-70, TG514266AP/AJ/AZ-80 
TC514266AP/A J/AZ-10 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltage are referenced to Vgs. 

3. Iccl, Icc3, Icc4, Icc6 depend on cycle rate. 

4. Iccl, Icc4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200us is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t’p = 5ns. 

7. Vxp(min.) and Vxx,( max -) are reference levels for measuring timing of input signals. 
Also, transition times are measured between V^h and 

8. Measurement with a load equivalent to 2 TTL loads and lOOpF. 

9. tQppCmax.) and t()Ez( max *) define the time at which the output achieves the open 
circuit condition and are not referenced to output voltage levels. 

10. Either tp^p or tppp must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and to 
WB/WE leading edge in read-modify-write cycles. 

12. t^CS > t RWD 5 t a7D and t AWD are not restrictive operating parameters. They are 
included the data sheet as electrical characteristics only. If typg^ tycg(min.) 

the cycle is an early write cycle and the data out pin will remain open circuit(high 
impedance) throughout the entire cycle; If tpyp 3 tRyx>(min.) , t^yx) = tQjj)(min.) and 
tAWD 2 t Al7D (^ia.) » the cycle is a read-modify-write cycle and data out will contain 
data read from the selected cell: If neither of the above sets of conditions is 
satisfied, the condition of the data out (at access time) is indeterminate. 

13. Operation within the tRCD(max.) limit insures that tjxAC( max *) can be met. 
tRCD( max *) Is specified as a reference point only: If tpcD as greater than the 
specified tRCD( max *) limit, then access time is controlled by tc^C* 

14. Operation within the t^^D^ax.) limit insures that tpy^c(max.) can be met. 

tRAD( m ax.) is specified as a reference point only: If tj^AD is greater than the 
specified tj^!j) (max.) limit, then access time is controlled by t^. 
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TG514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-S0 
TC514266AP/AJ/AZ-10 


READ CYCLE 

Has" 

CAS 

AO-AS 

WB/We 

OE 

Wl/ 101 -W 4 /I 04 

WRITE CYCLE 

HAS' 

CAS" 

AO-AS 

WB/WE 

CE 


X RC 


V IH • 
V IL- 


VlH • 

V IL' 


. I 

i x CRP I 


r AR 

. 



, 

x h C D 

X RSK j 


.That-. 


A 


x CRP j 


i—n 


1 AP'" 




V iL — /V’~HE:'s !f////in 7f/if/1/// ///X " 


i ! 

i ! 

X C AH 


LiML] 

u 

i 

! 

[ 

U 

W AA i 


UM 


\n///f 



V 0L ~ 

(EARLY WRITE) 


NOTE: D™« "fi" or n L 
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-10 



Note: D out =OPEN 7 / 7 }: "H M or M L" 

R E AD -MOD IF Y - V.T IT E CYCLE * 
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-10 


FAST PAGE MODE READ CYCLE 



Note: D in ="H" or "L" "H" or "L" 


FAST PAGE MODE WRITE CYCLE 


rKb 

CAS 

A0-A8 

WB/WE 

0 E~ 

WV101-W4/I04 
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TC514266AP/AJ/AZ-70, TCS14266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-10 


FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-10 
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C514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
C514266AR/ AJ/AZ-10 




TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/A J/AZ-10 


HIDDEN REFRESH CYCLE (WRITE) 



Not6! Dq UT =OPEN 


- A-130 — 



TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-10 


CAS BEFORE MS' REFRESH COUNTER TEST CYCLE 

-t pp 
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-10 

APPLICATION INFORMATION 
ADDRESSING 

The 18 address bits required to decode 1 of the 262,144 cell locations within 
the TC514266AP/AJ/AZ are multiplexed onto the 9 address inputs and latched into the 
on-chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row address Strobe (RAS), latches the 9 row address bits 
into the chip. The second clock, the Column Address Strobe (CAS), subsequently 
lat ches the 9 column address bits into the chip. Each of these signals, RAS, and 
CAS, triggers a sequence of events which are controlled by different delayed inter¬ 
nal clocks. 

The two clock chains are linked together logically in such a way that the ad¬ 
dress multiplexing operation is done outside of the critical path timing sequence 
for read data access. The later events in the CAS clock sequence are inhibited 
until the occurrence of a delayed signal derived from the RAS clock chain. The 
"gated CAS" feature allows the CAS clock to be externally activated as soon as the 
Row Address Hole Time specification (tRAH) h as been satisfied and the address inputs 
have been changed from Row address to Column address information. 

Data Inputs 

Write Cycle. A write cycle is performed by bri ngi ng (WB/)WE low during the 
RAS/CAS operation. The falling edge of CAS or (WB/)WE strobes data on (Wi)IOi into 
the on-chip data latch. To make use of the write-per-bit capability WB~(/WE) must 
be low as RAS falls. In this case data bits to which the write operation is ap¬ 
plied can be specified by keeping Wi(/I0i) high with set-up and hold times re¬ 
ferenced to the RAS negative transition. 

For those data bits of Wi(/I0i) that are kept low as RAS tails the write operation 
is inhibited on the chip if WB(/WE) is high as RAS falls, the write-per-bit capa¬ 
bility does not work and the write operation is performed for all four data bits. 

Data Outputs 

- The three-state output buffers provide direct TTL compatibility with a fan-out 
of two standard TTL loads. Data-out is the same polarity as data-in. The outputs 
are in the high-impedance state until CAS is brought low. In a read cycle the 
outputs go active after the access time interval tRAC and tOEA are satisfied. 

The outputs become valid after the access time has elapsed and remains valid 
while CAS and OE are low. CAS or OE going high returns it to a high impedance state. 
In an early-write cycle, the outputs are always in the high-impedance state. In a 
delayed-write or read-modify-write cycle, the outputs will follow the sequence for 
the read cycle. 

The OE controls the impedance of the output buffers. In the logic high position 
the buffers will remain in a high impedance state. 

When the OE input is brought to a logical low level, the output buffer are 
enabled. Both CAS and OE can control the output. Thus in a read operation, either 
OE or CAS returning high forces the outputs into the high impedance state. 
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-10 


RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle 
at each of the 512 row address (A0 r ^A8) within each 8 millisecond time interval. 
Although any normal memory cycle will perform the refresh operation, this function 
is most easily accomplished with "RAS-only" cycles, RAS only refresh results in a 
substantial reduction in operating power. This reduction in power is reflected in 
the I(gC3 specification. 

CAS BEFORE RAS" REFRESH 

CAS before RAS refreshing available on the TC514266AP/AJ/AZ offers an alternate 
refresh method. If CAS is held on low for the specified period (tc$R) before RAS 
goes to low, on chip refresh control clock generators and the refresh address 
counter are enabled, and an Internal refresh operation takes place. After the 
refresh operation is performed, the refresh address counter is automatically in¬ 
cremented m preparation for the next CAS before RAS refresh operation. 

PAGE MODE 

The- "Rage-Moce" teature of the TC514266AP/AJ/AZ allows for successive memory 
operations at multiple column locations of the same row address with increased speed 
without an increase m power. This is done by strobing the row address into the chip 
and maintaining the RAS signal at a logic 0 throughout all successive memory cycles 
m which the row address is common. This "Page Mode" of operation will not dissipate 
the power associated with tne negative going edge of RAS. Also, the time required 
for strobing m a new address is eliminated, thereby decreasing the access and cycle 
times. 

HIDDEN REFRESH 

An optional feature ot the TC514266AP/AJ/A2 is that refresh cycles msv be per¬ 
formed while maintaining valid data at the output pin. This is referred to as Hidden 
Reiresh. Hidden Refresh is performed by holding CAS at Vjg and taking RAS high and 
after a specinec precharge period (cp v p), executing a CAS before RAS refresh cycle, 
(see Figure below; 



1/EMCFY CYCLE REFRESH 



CYCLE 




CAS 




Wl/I C-1-W4/I 04 - 


< 


VALID DATA-OUT 


This 

affecting 


feature allows a refresh cycle to be "Hidden" 
the data availability. 


among data cycles without 
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-10 

CAS BEFORE RAC REFRESH COUNTER TEST 

The internal refresh operation of TC514266AP/AJ/AZ can be tested by CAS BEFORE 
RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the 
internal counter address as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initializa¬ 
tion cycles. The test procedure is as follows. 

(T) Write "0" into all the memory cells at normal write mode. 

(2) Select one certain column address and read n 0” out and write ”1” in each cell 
by performing CA$ BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE). 

Repeat this operation 512 times. 

( 5 ) Check "1" out of 512 bits at normal read mode, which was written at (2). 

(4) Using the same column as (2) , read "1" out and write "0" in each cell perform¬ 
ing CAS BEFORE RAS REFRESH COUNTER TEST. Repeat this operation 512 times. 

(5) Check "0" out of 512 bits at normal read mode, which was written at (4). 

(6) Perform the above (l) to (5) to the complement data. 
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/A J/AZ-10 

OUTLINE DRAWINGS 
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Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal 
position with respect to No.l and No.29 leads. 

All dimensions are in millimeters. 
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TG514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TGS14266AP/AJ/AZ-10 

• Plastic SOJ 





Note: Each lead pitch 1.27mm. 

All dimensions are in millimeters. 
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TC51426SAP/AJ/AZ-70, TG514266AP/AJ/AZ-80 
TC514268AP/AJ/AZ-10 


• Plastic ZIP 


Unit in mm 




1 3 5 7 9 11 13 15 17 19 



-rjh 

#1 

4 


L=E 

L= 


ttMtt 




LI 

u tr 

- 



2 4 6 8 12 14 16 18 20 


Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said 
circuitry. 
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TOSHIBA IMS MEMORY PRODUCTS 


TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-10 

DESCRIPTION 

The TC514258AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 
bits. The TC514258AP/AJ/AZ utilizes TOSHIBA'S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC514258AP/AJ/AZ to be 
packaged in a standard 20 pin plastic DIP and 26/20 pin plastic SOJ and 20/19 pin plastic 
ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10% tolerance, direct interfacing capability with high perform¬ 
ance logic families such as Schottky TTL. 


FEATURES 

* 262,144 word by 4 bit organization 

• Fast access time and cycle time 


[ 

TC £14258 A] 

°/ a j/az— 7 ov-eo /-1 o 

t RAC 

RAS Access Time 

70ns 

80ns 

100ns 

t AA 

Column Address 

Access Time 

35ns 

40ns 

50ns 

t CAC 

CS" Access Time 

25ns 

25ns 

30ns 

tRC 

Cycle Time 

130ns 

150ns 

180ns 

t SC 

Static Column 
Mode Cycle Time 

40ns 

45ns 

55ns 


* Single power supply of 5V±102 with a 
built-in Vgg generator 

PIN CONNECTION (top view) 


• Low Power 

440mV MAX. Operating(TC514258AP/AJ/AZ-70) 
3P5mV MAX. Operating(TC514258AP/AJ/AZ-80) 
330mW MAX. Operating(TC514258AP/AJ/AZ-10) 
5.5mV MAX. S t and by 

• Outputs unlatched at cycle end allows 

two-dimensional chip selection 

• Read-Modifv-Vrite, CS before RAS refresh, 

RAS-only refresh. Hidden refresh and 
Static Column Mode capability 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/8ms 

• Package Plastic DIP: TC51425SAP 

Plastic SOJ: TC514258AJ 
Plastic ZIP: TC514258AZ 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-10 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

VlN 

-1 v 7 

V 

1 

Output Voltage 

v 0UT 

-1 ^ 7 

V 

1 

Power Supply Voltage 

Vcc 

-1 v 7 

V 

1 

Operating Temperature 

Topp 

o 

r"- 

a 

o 

°c 

1 

Storage Temperature 

tsto 

-55 ^ 150 

°c 

1 

Soldering Temperature • Time 

T SOLDER 

260 •10 

°C • sec 

1 

Power Dissipation 

?D 

600 

mW 

1 

Short Circuit Output Current 

lOUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta = Q-WQ°C) 

SYMBOL 1. PARAMETER ] KIN, | TYP . J 

\'Cc j Supply Yol ta ge j 4.5 5.0 

VIH _ | Input High Voltage ___ 2.4 ___-_ 

Vjp | Input Low Voltage _ -1.0 

DC ELECTRICAL CHARACTERISTICS (V C c=5VflO%, Ta = 0^70 & C) 

SYMBOL 1 _ PARAMETER _ 

OPERATING CURRENT K 

ICCl Average Power Supply Operating Current -p 

(RAS, CS, Address Cycling: tpc =t RC MIN.) ^ 

STANDBY CURRENT 

Icc2 Power Supply Standby Current 

_ (RAS = CS=V IH ) ____ 

RAS" ONLY REFRESH CURRENT it 

Icc3 Average Power Supply Current, RAS Only Mode p 

: (RAS Cycling, CS=V IH : t RC =tpcMIN.) ~ 

STATIC COLUMN MODE CURRENT T, 

Average Power Supply Current, Static 
C'CA Column Mode 

(PvAS=CS=Vjl, Address Cycling: tsc =t SC MIN.) ^ 

STANDEY CURRENT 

ICC5 Power Supply Standby Current 

_ (RAS^CS=Vcc~Q.2V) ___ 

CS BEFORE RAS REFRESH CURRENT It; 

ICC6 Average Power Supply Current, CS Before ^ 


TO 51455a4R/AJ/AZ- 70 
TC5I425SAP/AJ/AL~80 
T0514258AP/AJ/10 


TC514258A2/AJAAZ-X) j 

! - ! 80 

TC514258AP/AT/AZ-80 1 

i 

o 

TO 514258AEA4J/A2-10 \ 

- ! 60 

TC514258APALJ/A2-70 

60 

00514258AP/AJX4Z-80 

I -‘"J 50 

TC514258AB/AJX4Z-10 

! 

-O 

O 


TP5l4£5aAP/AJ/AZ-70 ! - 

TC5l4258AE^C/AZ-80 | ~ 


[RAS Mode (RAS, CS Cycling: t RC =t RC MIN:) 

| INPUT LEAKAGE CURRENT I 


I UNITS I NO 

J ! 

I mA j I 





Pins Not Under Test = 0V) 





IH 

I 0(L) 

OUTPUT LEAKAGE CURRENT 

(UOUT is disabled, 0V<V 0UT £5.5V) 

-10 

10 

uA 



VOH 

OUTPUT LEVEL 

Output "H" Level Voltage (loUT=-5mA) 

2.4 

- 

V 



V 0L 

OUTPUT LEVEL 

Output "L" Level Voltage ( InTTT=4 . 2mA) 


0.4 

V 










TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V CC =5V±10%, Ta-0 ^ 70°C)(Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TC514258AP/ 

AJ/AZ-70 

TC514258AP/ 

AJ/AZ-80 

TC514258AP/ 

AJ/AZ-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

c RC 

Random Read or Write Cycle Time 

130 

- 

150 

- 

180 

- 

ns 


tRMW 

Read-Modify-Write Cycle Time 

185 

- 

205 

- 

245 

- 

ns 


tsc 

Static Column Mode Cycle Time 

AO 

- 

45 

- 

55 

- 

ns 


tSRMW 

Static Column Mode Read-Modify- 
Write Cycle Time 

100 

- 

110 

- 

135 

- 

ns 


*-RAC 

Access Time from RAS 

- 

70 

- 

80 

- 

100 

ns 

8,13 

t CAC 

Access Time from CS 

- 

25 

- 

25 

- 

30 

ns 

8,13 

l AA 

Access Time from Column Address 

- 

35 

- 

40 

- 

50 

IIS 

8,14 

t ALW 

Access Time from Last Write 

- 

65 

- 

75 

- 

95 

ns 

8,15 

t CLZ 

CS to Output in Low-Z 

0 

- 

0 

- 

0 

- 

ns 

8 

t OFT 

Output Buffer Turn-off Delay 

0 

20 

0 

20 

0 

30 

ns 

9 

t AO H 

Output Data Hold Time from 

Column Address 

5 

- 

5 

- 

5 

- 

ns 


tow 

Output Data Enable Time from 


20 


20 


30 

ns 


WRITE 





t T 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 

7 

tRP 

RAS Precharge Time 

50 


60 

- 

70 

- 

ns 


tRAS 

RAS Pulse Width 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


tRASC 

RAS Pulse Width (Static Column 
Mode) 

70 

100,000 

80 

100,000 

100 

100,000 



tRSH 

CS to RAS Hold Time 

25 

- 

25 

- 

30 

- 

ns 


tCSH 

RAS to CS Hold Time 

70 

- 

80 

- 

100 

- 

ns 


tcs 

CS Pulse Width 

25 

10,000 

25 

10,000 

30 

10,000 

ns 


C csc 

CS Pulse Width(Static Column Mode ] 

25 

100,000 

25 

100,000 

30 

100,000 

ns 


tRCD 

RAS to CS Delay Time 

20 

45 

20 

55 

25 

70 

ns 

13 

tRAD 

RAS to Column Address Delay Time 

15 

35 

15 

40 

20 

50 

ns 

14 

tCRP 

CS to RAS Precharge Time 

5 

- 

5 

- 

5 

- 

ns 


t CPN 

CS Precharge Time 

10 

_ 

10 

- 

15 

- 

ns 


c CP 

CS Precharge Time 
(Static Column Mode) 

10 

- 

10 

- 

10 

- 

ns 


C ASR 

Row Address Set-up Time 

0 

- 

0 


0 

- 

ns 


C RAH 

Row Address Hold Time 

10 

- 

10 

- 

15 

- 

ns 


C ASC 

Column Address Set-up Time 

0 

- 

0 

- 

0 

- 

ns 


c CAH 

Column Address Hold Time 

15 

- 

15 

- 

20 

- 

ns 


•-AWR 

Write Address Hold Time 
referenced to RAS 

55 

- 

60 

- 

75 

- 

ns 


C AR 

Column Address Hold Time 
referenced to RAS 

85 

- 

95 

- 

115 

- 

ns 


t RAL 

Column Address to RAS Lead Time 

35 

- 

40 

- 

50 

- 

ns 


C AH 

Column Address Hold Time 
referenced to RAS Rise 

5 

- 

5 

- 

10 

- 

ns 

16 
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TC514258AP/A J/AZ-7 0, 
TG514258AP/AJ/AZ-10 


SYMBOL 

PARAMETER 

tLWAD 

Last Write to Column Address 

Delay Time 

C AHLW 

Last Write to Column Address 

Hold Time 

t RCS 

Read Command Se_t-up Time 
referenced to CS 

t RCH 

Read Command Hold Time 
referenced to CS" 

tRRH 

Read Command Hold Time 
referenced to RAS 

l wch 

Write Command Hold Time 
(Output Data Disable) 

c WCR 

Write Command Hold Time 
referenced to RAS 


WRITE Pulse Width 


WRITE Inactive Time 

t RWL 

WRITE Command to RAS Lead Time 

tCWL 

WRITE Command to CS Lead Time 

t DS 

Data-In Set-Up Time 

C DH 

Data-In Hold Time 

t DHR 

Data-In Hold Time referenced 
to MS 

11 REF 

Refresh Period 

C wcs 

WRITE Command Set-Up Time 
(Output Data Disable) 

t CWD 

CS to W 7 RITE Delay Time 
(READ-MODIFY-WRITE CYCLE) 

t pj/JD 

RAS to WRITE Delay Time 
(READ-MODIFY-WRITE CYCLE) 

11 ALT) 

Column Address to WRITE Delay 

Time 

t CSR 

CS Set-Up Time (CS before RAS) 

r CHR 

CS Hold Time (CS before RAS) 

l RPC 

RAS to CS Precharge Time 

c CPT 

CS Precharge Time (CS before 

RAS Counter Test Cycle) 

tROH 

RAS Hold Time referenced to OE 

t OEA 

OE Access Time 

r OED 

OE to Data Delav 

t OEZ 

Output Buffer turn off Delay 

Time from OE 

c OEH 

OE Command Hold Time 


80 


TC514258AP/ 

AJ/AZ-70 

TC514258AP/ 

AJ/AZ-80 

TC514258AP/ 

AJ/AZ-10 

UNIT 


MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

20 

30 

20 

35 

25 

45 

ns 

17 

65 

- 

75 

. 

95 

- 

ns 


0 

- 

0 

- 

0 

- 

ns 


0 

- 

0 

- 

0 

- 

ns 

10 

0 

- 

0 

- 

0 

- 

ns 

10 

15 

- 

15 

- 

20 

- 

ns 

1 2 

55 

- 

60 

- 

75 

- 

ns 


15 

- 

15 

- 

20 

- 

ns 


10 

- 

10 

- 

10 


ns 


20 

- 

20 

- 

25 

_ 

ns 


20 

- 

20 

- 

25 

_ 

ns 


0 

- 

0 

- 

0 

- 

ns 

11 

15 

- 

15 

- 

20 

- 

ns 

11 

55 

- 

60 

- 

75 

- 

ns 


- 

8 

- 

8 

- 

8 

ms 


0 

- 

0 

- 

0 

- 

: 

ns 

12 

55 

- 

55 

- 

65 

- 

ns 

12 

100 

- 

110 

- 

135 

- 

! r» c 
! ! 

12 

65 

- 

70 

- 

85 

- 

ns | 

12 

10 

- 

10 

i 

10 

- 

ns 


30 ] 

- 

30 

- 

30 

- 

ns 


0 

- 

0 

i 

0 

- 

ns 


40 

- 

40 

- 

50 

- 

ns 


10 

- 

10 

- 

20 

- 

ns 


- 

25 

- 

25 

- 

30 

ns 


20 

- 

20 

- 

25 

- 

ns 


0 

20 

0 

20 

0 

25 

ns 

9 

20 

- 

20 

- 

25 

- 

ns 






TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-10 


CAPACITANCE (V cc =5v±10%, f=lMHz, Ta = 0v70°C) 


SYMBOL 

PARAMETER I 

MIN. 

MAX. 

UNIT 

cn 

Input Capacitance (AqvAr) 

- 

5 


Cl 2 

Input Capacitance (RAS, CS, WRITE, 0E) 

- 

7 

! P8 

Co 

Input/Output Capacitance (l/01%I/04) 

- 

7 



NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to’Vcg. 

3. Iccl, Icc3, Icc4, Icc 6 depend on cycle rate. 

2. Iccl, Icc4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6 . AC measurements assume tx=5ns. 

7. Vjp(min.) and Vpp(max.) are reference levels for measuring timing of input signals. 

8 . Measured with a load equivalent to 2 TIL loads and lOOpF. 

9. t 0 Rp(max.) and tQ£ 7 (max.) define the time at which the output achieves the open 
circuit condition and are not referenced to output voltage levels. 

10. Either tp^ or tppp must be satisfied for a read cycle. 

11. These parameters are referenced to CS leading edge in early write cycles and to 
WRITE leading edge in Read-Modifv-Write cycles. 

12. tycs> t RWD» TcWD an< 3 t AWD are not restrictive operating parameters. They are in¬ 
cluded in the data sheet as electrical characteristico only. If tyggltygg(min.), the 
cycle is an early write cycle and the data out pin will remain onen circuit (high, 
impedance) through the entire cvcle: If t yvjpg t ppm (min. ) . t 0 yp>t 0 yp(min.) and 
^AWD^"AV.D(roin • ) * the cycle is a Read-Mod if v-Write cycle and the data out will con¬ 
tain data read from the selected cell: If neither of the above sets of conditions 
is satisfied, the condition of the data out (at access time) is indeterminate. 

13. Operation within the tp 0 p(max.) limit insures that tp^ 0 (max.) can be met. 
t RCD*' Tnax *) specified as a reference point only: If tpgp is greater than the 
specified tRcp(max.) limit, then access time is controlled by tg^g. 

14. Operation within the tpj!j)(max.) limit insures that tpyxC^x-) can be met. 

11 RAD (riax. ) is specified as a reference point only: If tp^p is greater than the 
specified tj»Ap(max.) limit, then access time is controlled by t aa- 

15. Operation within the tpy A p(max.) limit insures that t^Ry(max.) can be met. tpy^D 
(max.) is specified as a reference point only: If tpWAD is greater than the speci¬ 
fied tpy A p(max.) limit, then access time is controlled exclusively by t^A- 

16. t^H is the condition to latch column address when RAS has rised up. 
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TC514258AP/AJ/AZ-70. TC514258AP/AJ/AZ-80 
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TC514258AP/AJ/AZ-70. TC514258AP/AJ/AZ-80 
TCS14258AP/AJ/AZ-16 


STATIC COLUMN MODE READ CYCLE 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-10 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-10 


STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TG514258AP/AJ/AZ-10 


STATIC COLUMN MODE READ/WRITE MIXED CYCLE 



jm : "H" or "L" 
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TC514258AP/AJ/AZ-70, TG514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-10 
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TC514258AP/AJ/AZ-70, TG514258AP/AJ/AZ-80 
TC51425SAP/AJ/AZ-10 


HIDDEN REFRESH CYCLE (WRITE) 
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TG514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-18 


CS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-10 


OUTLINE DRAWINGS 

• Plastic DIP 

Unit in mm 




Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position 
with respect to ho.1 and ho.20 leads. 

All dimensions are in millimeters. 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-10 


• Plastic SOJ 


Unit in mm 





Note: Each lead pitch is 1.27mm* 

All dimensions are in millimeters. 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-10 


* Plastic ZIP 


Unit in mm 




Note: Each lead pitch is 1.2/mir, r 

All dimensions are in millimeters. 


Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said circuitry. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-10 

DESCRIPTION 

The TC514268AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 
bits. The TC514268AP/AJ/AZ utilizes TOSHIBA’S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC514268AP/AJ/AZ to be 
packaged in a standard 20 pin plastic DIP and 26/20 pin plastic SOJ and 20/19 pin plastic 
ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include 
single power supply of 5V±10% tolerance, direct interfacing capability with high per¬ 
formance logic families such as Schottky TTL. 



Single power supply of 5V±10% with a 
built-in Vgg generator 
Low power 

440mW MAX. Operating(TC514268AP/AJ/AZ~70) 
385mW MAX. Operating(TC514268AP/AJ/AZ-80) 
330mW MAX. Operating(TC514268AP/AJ/AZ-10) 

5.5mW MAX. Standby 

Outputs unlatched at cycle end allows 
two-dimensional chip selection 
Kead-Modify-Write, CS before RAS refresh, 
KAS-only refresh, Hidcen refresh Urite Per 
lit, anc Static Column Mode capability 
All inputs and outputs TTL compatible 
512 refresh cycles/8ms 
Package Plastic DIP: TC514268A? 

Plastic SOJ: TC51426SAJ 

Plastic ZIP: TC514268AZ 



— A-157 — 















TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-10 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V IN 

-1 'v 7 

V 

1 

Output Voltage 

v OUT 

-1 % 7 

V 

1 

Power Supply Voltage 

v cc 

-1 % 7 

V 

1 

Operating Temperature 

TOPR 

0 a 70 

°C 

1 

Storage Temperature 

t stg 

-55 % 150 

o r 

c 

1 

Soldering Temperature * Time 

t SOLDER 

260 * 10 

c C * sec 

1 

Power Dissipation 

pd 

600 

mW 

1 

Short Circuit Output Current 

I OUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

vcc 

Supple 

7 Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input 

High Voltage 

j 2.4 

- 

6.5 

V 

2 

V IL 

Input 

Low Voltage 

-1.0 

- 

0.8 

v 

2 


DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

units!unit 

I CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS. CS, Address Cycleing: tRC = tRC MIN.) 

TC 51426 SAF/A J/A2-70 

- 

CO 

mA 

3, 4 

TC51426 6 AP/AJ/AZ- 80 

- 

70 

TC514266AP/A J/AZ~10 

- 

60 

1 CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CS=V IH ) 

- 

2 

mA 


I CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CS=Vjy: tR(y=tR£ MIN.) 

TC 5142 68 AP/A J/AZ - 7 0 

- 

CO 

mA 

3 

TC 5142 6 8A P/AJ/AZ- 80 

- 

70 

TC 5142 6 6AP/AJ/AZ-10 

- 

60 

I CC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column 
Mode 

(RAS=CS=Vjl, Address Cycling: tsC =t SC MIN.) 

TC 51.42 6 8AP/A J/A Z - 7 0 

- 

60 

mA 

3, 4 

TC5142 68AP/AJ/AZ- 80 

- 

50 

TC5142 68AP/A J/AZ-10 

- 

40 

PCC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CS=V C C-0.2V) 

- 

1 

mA 


I CC6 

CS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CS Before 

RAS Mode (RAS, CS Cycling: tRc =t: RC MIN.) 

TC514268AP/AJ/AZ-70 

- 

| 80 

mA 

3 

TC51426.8A P/A J/AZ-8 0 

1 - 

70 

TC514268 AP/A J/AZ-10 

j 

60 

Ha) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0V i Vjjj i 6.5V, All Other 
Pins Not Under Test-OV) 

-10 

10 

PA 


x O(L) 

OUTPUT LEAKAGE CURRENT 

(DOUT is disable, 0V= VOUT - 5.5V) 

-10 

10 

PA 


VOH 

OUTPUT LEVEL 

Output n H" Level Voltage (IouT = -5mA) 

2.4 

- 

V 


V OL 

OUTPUT LEVEL 

Output "L" Level Voltage (lQUT = ^•2mA) 

- 

0.4 

V 
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TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V CC =5V ±10 %, Ta=0^70°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TC514268AP/ 
AJ/AZ-70 

TC514268AP' 
AJ/AZ-80 

TC514268AP/ 

AJ/AZ-10 

UNIT 

NOTES 



MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 



c RC 

Random Read or Write Cycle Time 

130 

- 

150 


180 

- 

ns 


1 RMW 

Read-Modify-Write Cycle Time 

185 

- 

205 

_i_ 

245 

- 

ns 


L SC 

Static Column Mode Cycle Time 

40 

- 

45 


55 

- 

ns 


t S RMW 

Static Column Mode Read-Mod ify- 
Write Cvclt Time 

100 

- 

110 


135 

- 

ns 


c RAC 

Access Time from RAS 

- 

70 

- 

80 

- 

100 

ns 

8, 13 

^CAC 

Access Time from CS 

- 

25 

- 

25 

- 

30 

ns 

8, 13 

r AA 

Access Time from Column Address 

- 

35 

- 

40 

- 

50 

ns 

8, 14 

\4LW 

Access Time from Last Write 

- 

65 

- 

75 

- 

95 

ns 

8, 15 

t CLZ 

CS to Output in Low-Z 

0 

- 

0 

- 

0 

- 

ns 

8 

tOFF 

Output Buffer Turn-off Delay 

0 

20 

0 

20 

0 

20 

ns 

9 

t AOK 

Output Data Hold Time from 

Column Address 

5 

- 

5 

- 

5 

- 

ns 


t-ow 

Output Data Enable Time from 

WE 

- 

25 

- 

25 

- 

30 

ns 


fr 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 

7 

C RP 

|RAS Precharge Time 

50 

- 

60 

- 

70 

- 

ns 


t RAS 

RAS Pulse Width 

70 

10,000 

80 

10,000 

100 

10,000 

ns | 


tRASC 

RAS Pulse Width 
(Static Column Mode) 

70 

100,000 

80 

100,000 

100 

100,000 

; ns 


tR SK j 

CS to FAS Bold Time 

25 

_ 

j 25 

- 

! 

30 

- 

ns 


t CSH 1 

RAS to CS Hold Time j 

70 

- 

80 

- 1 

100 

- 

ns 


C cs 

C$ Pulse Width 1 

25 

10.000 

25 

10,0001 

30 

10,000 

ns 


L CSC I 

CS Pulse Width(Static Column Mode) 

25 j 

100,000 

25 

100,000 

30 

100,000 

ns 


c RCD 1 

RAS to CS Delay Time 

20 

45 

20 

55 

25 

70 

ns 

13 

t RAD 1 

FAS to Column Address Delay Time 

15 

35 

15 

40 

20 

50 

ns 

14 

t CRP 

CS to RAS Precharge Time 

5 

- 

5 

- 

.5 

- 

ns 


t CPN" 

CS Precharge Time 

10 

- 

10 

- 

15 

- 

ns 


t CP 

CS Precharge Time 
(Static Column Mode) 

10 

- 

10 

- 

10 

- 

ns 


t ASR 

Row Address Set-up Time 

0 

- 

0 

_ 

0 

- 

ns 


t RAH 

Row Address Hold Time 

10 

- 

10 

- 

15 

- 

ns 


t ASC 

Column Address Set-up Time 

0 

- 

0 

- 

0 

- 

ns 


CAE 

Column Address Hold Time 

15 

- 

15 

- 

20 

- 

ns 
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TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC514268AP/ 

AJ/AZ-70 

TC514 268AP/ 
AJ/AZ-80 

TC514268AP/ 

AJ/AZ-10 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

C AWR 

Write Address Hold Time Refer¬ 
enced to RAS 

55 

- 

60 


75 

- 

ns 


*AR 

Column Address Hold Time 

Referenced to RAS 

80 

- 

90 

- 

115 

- 

ns 


C RAL 

Column Address to RAS Lead Time 

35 

- 

40 

- 

50 

- 

ns 


rt 

% 

Column Address Hold Time 

Referenced to RAS Rise 

5 

- 

5 

- 

10 

- 

ns 

16 

t LWAD 

Last Write to Column Address 

Delay Time 

20 

30 

20 

35 

25 

45 

ns 

17 

t AHLW 

Last Write to Column Address 

Hold Time 

65 

- 

75 

- 

— 

S5 

- 

ns 


t RCS 

Read Command Set-up Time 

Referenced to CS 

0 

- 

0 

- 

0 

- 

ns 


t RCH 

Read Command Hold Time 

Referenced to CS 

0 

. 

- 

0 

- 

0 

- 

ns 

10 

C RRH 

Read Command Hold Time 

Referenced to RAS 

0 

- 

0 

- 

0 

~ 

ns 

10 

tWCH 

Write Command Hold Time 
(Output Data Disable) 

15 

- 

15 

- 

20 

- 

n s 

12 

c WCR 

Write Command Hold Time 

Referenced to RAS 

55 

- 

60 

- 

75 

1 

ns 


t WP 

'WE Pulse Width 

15 

- 

15 

- 

20 

- 

ns 


twi 

WE Inactive Time 

10 

- 

10 

- 

10 

- 

ns 


t RWL 

WE Command to RAS Lead Time 

20 

- 

20 

- 

25 

- 

n s 


tCVJL 

WE Command to CS Lead Time 

20 

- 

20 

- 

25 

- 

ns 


£ ds 

Data-In Set-Up Time 

0 

- 

o 

- 

0 


ns 

11 

t DH 

Data-In Hold Time 

15 

- 

15 

- 

1 20 

~ 

ns 

! 11 

t DHR 

Data-In Hold Time Referenced to 

RAS 

55 

- 

60 

- 

75 

! - 

ns 


£ ref 

Refresh Period 

- 

8 

- 

8 

- 

8 

ms 

■ ; 

twcs 

WE Command Set-Up Time 
(Output Data Disable) 

0 

- 

0 

- 

0 

- 

ns 

12 . 

r CWD 

CS to "WE Delay Time 
(READ-MODIFY-WRITE CYCLE) 

55 

- 

55 

- 

65 

- 

ns 

12 

t RWD 

RAS to WE Delay Time 
(READ-MODIFY-WRITE CYCLE) 

100 

- 

110 

- 

135 

- 

ns 

12 

t AR T D 

Column Address to WE Delay 

Time 

65 


70 


85 

- 

ns 

12 
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TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TC514268AP/ 

AJ/AZ-70 

TC514268AP/ 

AJ/AZ-80 

TC514 268AP/ 
AJ/AZ-10 

UNIT 

NOTES 

MIL. 

MAX. 

MIN. 

MAX. 

MIR'. 

MAX. 

t CSR 

CS Set-Up Time (CS before RAS) 

10 

“ 

10 

- 

10 

- 

ns 


t CHR 

OS' Hold Time (CS before RAS) 

30 

- 

30 

- 

30 

- 

ns 


t RPC 

RAS to CS Precharge Time 

o 

~ 

0 

- 

0 

- 

ns 


I -CPT 

CS Precharge Time (CS before RAS 
Counter Tent Cycle - ' 

40 

- 

40 

- 

50 

- 

ns 


r ROH 

RAS Hold Time Referenced to OL [ 10 

- 

10 

- 

20 

- 

ns 


t OEA 

OE Access Time 


25 

- 

25 

- 

30 

ns 


r OED 

On to Data Delay 

20 

- 

20 

- 

25 

- 

ns 


t OEZ 

Output Buffer turn off Delay 

Time from OE 

0 

20 

0 

20 

0 

25 

ns 

9 

t OEH 

OE Command Hold Time 

20 

- 

20 

- 

■ 25 

- 

ns 


t WBS 

Write Per Bit Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


t WBH 

Write Per Bit Hold Time 

10 

- 

i° 

s 

io ; 

- 

ns 


r WDS 

Write Per Bit Selection Set-Up 

Time 

0 

- 

0 

! 

0 

- 

ns 


t WDH 

Write Per Bit Selection Hold 

Time 

10 

- 

; 10 

- 

10 

- 

n s 



CAPACITANCE (V CC = 5 V± 10 %, f=lMHz, Ta*0'-70°C) 


SYMBOL 

PARAMETER 

MIN. | MAX. 

UNIT 

C I 1 

Input Capacitance (A0^A8) 

- I 5 


C I 2 

Input Capacitance (RAS, CS, WB/WE, OE) 

_ i 7 

pF 

o 

o 

Input/Output Capacitance (I/0I r wl/0i) 
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TC514268AP/flJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-10 


NOTES: 

1. Stresses greater than those listed under ’’Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg* 

3- I CC1» I CC3’ I CC4> I CC6 depend on cycle rate. 

4. Icci» ^CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6 . AC measurements assume tT=5ns. 

7. Vjp(min.) and Vjp(max.) are reference levels for measuring timing of input 
signals. 

8 . Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toppCriax.) and tQEgCmax.) define the time at which the output achieves the open 
circuit condition and is not referenced to output voltage levels. 

10. Either t^gp or t^^ must be satisfied for a read cycle. 

11. These parameters are referenced to CS leading edge in early write cycles and to 
WB/WE leading edge in Read-Modify-Write cycles. 

12. tygs > t RWD > t C\\ T D an d t AWD are ri0t restrictive operating parameters. They 
are included the data sheet as electrical characteristics only. If t \JCS- t WCS 
(min.), the cycle is an early write cycle and the data out pin will remain open 
circuit (high impedance) through the entire cycle: If tpyp ^ tp v yp(min. ) , tgyp 1 

tc\.jp(min. ) and -AND = t(min. ) , the cycle is a Reaa-Modify-V.'rite cycle and the 
data out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

13. Operation within the tp>Q}(max.) limit insures that tp^(-(max.) can be met. 
t RCD^ xnax *^ X£ specified as a reference point only: If trcD is greater than the 
specified tpQ^(max.) limit, then access time is controlled by tQ^C* 

14. Operation within the tpAp(max.) limit insures that tpAc(max.) can be met. 
t RAD^ inax *) i s specified as a reference point only: If tj^Al is greater than the 
specified tp J t i p(max.) limit, then access time is controlled by t^A- 

15. Operation within the tLWAD( max .) limit insures that tAL\y(max.) can be met. 

tLVJAD(max.) is specified as a reference point only: If tLWAD is greater than 
the specified ) limit, then access time is controlled exclusively by 

tAA- 

16. t^w is the condition to latch column address when RAS has rised up. 
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TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-10 




NOTE: D out =OPEN 


Vn : "H" or "L” 
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TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-10 



"H" or "L" 


READ-MODIFY-WRITE CYCLE 



— A-164 — 





























TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-10 


STATIC COLUMN MODE READ CYCLE 


t KP 



NOTE: D ik = ,, H m or "L" 
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TC51426SAP/AJ/AZ-70, TCS14268AP/AJ/AZ-80 
TC51426SAP/AJ/AZ-10 


STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 


HAS 


AO—A 8 


cS 


WB/WE 


Wl/101-7/1/104 



STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 


RAS 


A0-A8 


CS 


WB/WE 


OE 


W1/I01-W1/I04 
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TC514268AP/AJ/AZ-70, TCS14268AP/AJ/AZ-80 
TC514268AP/AJ/flZ-10 


STATIC COLUMN MODE READ-MODIFY-WF.ITE CYCLE 


t KF 



E2 : "H" or "L" 
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TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-10 


STATIC COLUMN MODE MIXED CYCLE 
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TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514288AP/AJ/AZ-10 


RAS ONLY REFRESH CYCLE 


_ V IH 

RAS 

V IL 


VlH 

cs 

ViL 


V IH 

A0~A8 

ViL 

Note: WB/WE, OE=Don ' t Care 



CS BEFORE RAS REFRESH CYCLE 



Note: WB/WE, (5E, AO ^ A8="H" or "L" " H " 01 " L " 
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TC5142S8AP/AJ/AZ-70, TC51426SAP/M/AZ-88 
TC5142B8AP/A J/AZ-1 


HIDDEN REFRESH CYCLE (WRITE) 



NOTE: D OU T =open 


-A-171 - 



TC514268AP/AJ/AZ-7 0, TC514268AP/AJ/AZ-80 
TC514268AP/A J/AZ-10 


CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

VlH—- 

VlL — 


RAS 




READ CYCLE 


WB/WE 


VlH ~ 
VlL 

V IH - 


X CSR| 


t RAS 


JT 


t CPT 


X RSH 


t CS 


X RAL 


mmzrnmun 


t RP 


X CRP 


Far 


COLUMN ADDRESS 



mm 


V IL ' 


Wl/I01-V4/104 V ° H ' 
V 0L 


mw/iinmmiMmmti; 


mMzzmzm 


WRITE CYCLE 


A0-A8 


WB/fFE 


W1/I01-W4/I04 


VlH • 
VlL- 

V IH ■ 

VlL 

VlH ' 

V IL 

VlH 

V IL 


X WBS 


X ASC 


x OFF 


x OEZ 


VALID DATA-OUT 


X CAH 


w/mmmmfiTfTK -imm/w/w/mwm 


% BH 


r—-< h —h 

:»C3 


x wcs 


t WCH 


WMMZMIMl 


WimMmmiimmElEmmMIlZEmilEEmZllIl! 


t WDS| | X WDH | 


• X DS 


X DH 


VALID DATA-IN 


READ-MOD IFY-WRITE CYCLE 

Vih 

V' 


X CAE | j 


A0-A8 


V IL ~ 


COLUMN ADDRESS 


x WBs| KwBR 


J MMMM 


X RCS , 


WB/WE 


OE 


v“ zTm cmmmw 


W1/I01-W4 /1 04 


V IH " 
V IL ~ l 

V 0H - 


X CWD 


x AWD 


x OEA 


X WDS| 


VlH 

V IL 


r AA 


X CLZ F 


X CAC 


FOWL 


tQED 


x OEZ 


r WDH 


— 

VALID DATA-OUT 


DS 


X WP 


WEmMini 


X RWL 


X DH 




[7771 : "H" or "L" 
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TC514268AP/AJ/AZ-70. TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-10 


APPLICATION INFORMATION 
ADDRESSING 

The 18 address bits required to decode 1 of the 262,144 cell locations within 
the TC514268AP/AJ/AZ are multiplexed onto the 9 address inputs and latched into the 
on-chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row address Strobe (RAS), latches the 9 row address bits 
into the chip. The second clock, in a read cycle column-address must be held stable 
until the access time. In a write cycle column-address are latched at the last fall¬ 
ing of edge of WE or US. 


The two clock chains are linked together logically in such a way that the ad¬ 
dress multiplexing operation is done outside of the critical path timing sequence 
for read data access. The later events in the CS clock sequence are inhibited until 
the occurrence of a delayed signal derived from the RAS clock chain. The "gated CS" 
feature allows the CS clock to be externally activated as soon as the Row Address 
Hole Time specification (tpAp) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 


Data Inputs 

Write Cycle. A write cycle is performed by bringing (UB/)VJE low during the 
RAS/CS operation. The falling edge of CS or (WB/)WE strobes data on (Wi)IOi into 
the on-chip data latch. To make use of the write-per-bit capability WB(/WE) must 
be low as RAS falls. In this case data bits to which the write operation is applied 
can be specified by keeping Wi(/I0i) high with set-up and hold times referenced to 
the RAS negative transition. 

For those data bits of Wi(/I0i) that are kept low as RAS tails the write operation 
is inhibited on the chip if WB(/WE) is high as RAS falls, the write-per-bit capa¬ 
bility does not work and the write operation is performed for all four data bits. 


Data Outputs 

The three-state output buffers provide direct TTL compatibility with a fan-out 
of two standard TTL loads. Data-out is the same polarity as data-in. The outputs 
are in the high-impedance state until CS is brought low. In a read cycle the 
outputs go active after the access time interval tp^C and tQp^ are satisfied. 

The outputs become valid after the access time has elapsed and remains valid 
while CS and DE are low. CS or OE going high returns it to a high impedance state. 
In an early-write cycle, the outputs are always in the high-impedance state. In a 
delayed-write or read-modify-write cycle, the outputs will follow the sequence for 
the read cycle. 

When the OE input is brought to a logical low level, the output buffer are 
enabled. Both CS and WE can control the output. Thus in a read operation, -either 
OE or CS returning high forces the outputs into the high impedance state. 
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TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-10 


OUTLINE DRAWINGS 

* Plastic DIP 

Unit in mm 



Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal 
position with respect to.No.1 and No.20 leads. 

All dimensions are in millimeters. 
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TC514268AP/AJ/AZ-70. TCS14268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-10 


• Plastic SOJ 


Unit in mm 





Note: Each lead pitch 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility ofr use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said 
circuitry. 
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TCS14288AP/AJ/AZ-70, TC5 f4268AP/AJ/AZ-80 
TC514268AP/AJ/AZ-10 






Note: Each lead pitch, is 1.27mm. 

All dimensions are in millimeters. 


Toshiba does not assume any responsibility for use of any 
circuitry described; no circuit patent licenses are implied, 
and Toshiba reserves the right, at any time without notice, 
to change said circuitry. 
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TC514100J/Z-80. TC514100J/Z-10 


The TC514100J/Z is the new generation dynamic RAM organized 4,194,304 words by 1 
The TC514100.J/Z utilizes TOSHIBA'S CMOS Silicon gate process technology as well 
ivanced circuit techniques to provide wide operating margins, both internally and 
-q svstem user. Multiplexed address inputs permit the TC514100J/Z to be packaged 
standard 2b/20 pin plastic SOJ and 20 pin plastic ZIP. The package size pro- 
-• hi eh svstem bit densities and is compatible with widely available automated 
in_ and insertion equipment. System oriented features include sincle power supply 
/..102 tolerance, direct interfacing capability with high performance logic families 


• 4,194,304 word by 1 bit organization 

• Fast access time and cycle time 


r - s 

TC514100J/Z 

-80/-10 

t RAC 

: RAS Access Time 

80ns ! 

100ns 

P AA 

! Column Address 

1 Access Time 

40ns 

50ns 

t CAC 

CAS" Access Time 

20ns | 

25ns 

t RC 

Cycle Time 

150ns 

180ns 

tpc 

Fast Page Mode 
| Cycle Time 

50ns [ 

1 

60ns 


• Single 1 power supply ot 5V_ f lOZ with a 


built-in generator 

PIP CONNECT 10! ( T0P VIEW) 

Plastic SOJ Plastic Z 


• Low Power 

550mW Operating (TC514100J/Z--80) 

46GmW Operating (TC514100J/Z-101 
5.5mW MAX. S t andb y 

• Output unlatched at cycle end allows two- 

dimensional chip selection 

• Common I/O capability using "EARLY WRITE" 

operation 

• Read-Modify-Write, CAS before RAS refresh, 

RAS-onlv refresh. Hidden refresh. Fast 
Page Mode and Test Mode capability 

• All inputs and output TTL compatible 
- 1024 refresh cycles/16ms 

• Package Plastic SOJ: TC514100J 

Plastic ZIP: TC514100Z 
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TC514100J/Z-80, TC514100J/Z-10 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V IN 

-1^7 

V 

1 

Output Voltage 

v OUT 

-l'W 

V 

1 

Power Supply Voltage 

v cc 

-1 v 7 

V 

1 

Operating Temperature 

t opr 

o 

■■■# 

o 

°c 

1 

Storage Temperature 

t stg 

-55 v150 

°c 

1 

Soldering Temperature • Time 

t solder 

260 • 10 

° C•sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

Tout 

_50_, 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0'W0°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V'lL 

Input Low Voltage 

-1.0 


0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0%70°C) 


SYMBOL 

PARAMETER | 

MIN. 

MAX. 

UNITS 

NOTES 

TCCI 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS", Address Cycling: t RC= t RC MIN.) 

TC514109J Z—80 

- 

100 

mA 

3,4 

TC51410 0 J/'Z-10 

- 

85 

TCC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V IK ) 

- 

2 

mA 


Z CC3 

RAS ONLY REFRESH CURRENT _ 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vjh: tpc =t RC MIN.) 

TC51410CJ. Z-30 

- 

100 

mA 

3 

T C 51410 0 J/Z— :0 

- 

85 

TCC4 

FAST PAGE MODE CURRENT 

Average Power- Supply Current, Fast Page Mode 
(RAS=V IL , CAS, Address Cycling: t P y=t P c MIN.) 

TC5I4100J/Z—80 

- 

60 

mA 

CO 

TC514100J/Z-1Q 

- 

50 

X CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V C c-0.2V) 

- 

i 

mA 


I CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS" Mode (RAS, CAS Cycling: tRC=tRC MIN.) 

TC514100J/Z-30 

- 

100 

mA 

3 

TC51410 0J/Z-10 

- 

85 

X I(L) 

. 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (OV= Vj^= 6 .5V, All Other 
Pins Not Under Test=0V) 

-10 

10 

PA ; 


I 0(L) 

OUTPUT LEAKAGE CURRENT 

(Dqut Ts disabled, 0V ^ Vq UT 1 5.5V) 

-10 

10 

PA 


VOH. 

OUTPUT LEVEL 

Output "H" Level Voltage (IOUT=“5mA) 

Csl 

- 

V 


VOL 

OUTPUT LEVEL 

Output "L" Level Voltage (IquT = 4.2mA) 

- 

0.4 

V 
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TC514100J/Z-80, TC514100J/Z-1 


MIN. 

MAX. 

MIN. 

MAX. 

150 

- 

180 

ns 

175 

- 

210 

ns 

50 

- 

60 

ns 

70 

- 

85 

ns 


ELECTRICAL CHARACTERISTICS AMD RECOMMENDED AC OPERATING CONDITIONS 

(V rr =5Vzl0X, Ta=0 - 70°C) (Notes 5, 


TC514100J/Z TC514100J/Z 

ymbol parameter ~ 8Q _ ~ 10 unit 


jRandom Read or Write Cycle Time 
| Rend-Write Cycle Time 
| Fast Page Mode Cycle Time 
iFast Pace Mode Read-Write Cycle Time 
iAccess Time from RAS 
.Access Time from CAS 
|Access Time from Column Address 
.Access Time from CAS Precharge 
| CAS to Output in Low-Z 
Output Buffer Turn-off Delay 
jlransition Time (Rise and Fall) 

|RAS Precharge Time 
IRAS Pulse Width 

]RAS Pulse Width (Fast Page Mode) 

.RAS Hold Time 

KTaS Hold Time ___ _____ 

j CAS" Pulse Width 
■RAS to CAS Delay Time 
RAS to Column Address Delay Time 
CAS to RAS Precharge Time 
CAS Precharge Time 
|Row Address Set-Up Time 
Row Address Hold Time 
Column Address Set-Up Time 
Column Address Hold Time 
Column Address Hold Time referenced to 

RAS _ 

Column Address to RAS Lead Time 

Read Command Set-Up Time 

Read Command Hold Time 

Read Command Hold Time referenced to 

RAS 

Write Command Hold Time 


80 

- 

100 

ns | 8,13 

20 

- 

25 

ns 8,13 

40 

- 

50 

ns 8,13 

45 

- 

55 

ns 8 

- 

0 

- 

ns 8 

20 

0 

30 

ns 9 

50 

3 

50 

ns 7 

- 

70 

- 

ns 

10,000 

100 

10,000 

ns 

200,000 

100 

200,000 

ns 


80 _ 

20 10,000 

20 60 


ns 

L0,000 ns 



























TC514100J/Z-80. TC514100J/Z-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TC514100J/Z 

-80 

TC514100J/Z 

-10 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tWCR 

Write Command Hold Time referenced to 

RAS 

60 

- 

75 

- 

ns 


tWP 

Write Command Pulse Width 

15 

- 

20 

- 

ns 


t RWL 

Write Command to RAS Lead Time 

20 

- 

25 

~ 

ns 


t CVlL 

t DS 

tDU 

Write Command to CAS Lead Time 

20 

- 

25 


ns 


Data Set-Up Time 

Data Hold Time 

0 

- 

0 

_ 

ns 

11 

15 

- 

20 

- 

ns 

11 

t DHR 

Data Hold Time referenced to RAS 

60 

- 

75 

- 

ns 


t REF 

Refresh Period 

- 

16 

- 

16 

ms 


twcs 

Write Command Set-Up Time 

0 

- 

0 

- 

ns 

12 

t CWD 

|CAS to WRITE Delay Time 

20 

- 

25 

- 

ns 

12 

t RWD 

RAS to WRITE Delay Time 

80 

- 

100 

- 

ns 

12 

t AUD 

Column Address to WRITE Delay Time 

40 

- 

50 

- 

ns 

12 

tCSR 

CAS" Set-Up Time (CAS before RAS Cycle) 

10 

- 

10 

- 

ns 


t CHR 

CAS Hold Time (CAS before RAS Cycle) 

30 

- 

30 

- 

ns 


t RPC 

RAS to CAS Precharge Time 

0 

- 

0 

- 

ns 


*-CPT 

CAS Precharge Time 

(CAS before RAS Counter Test Cycle) 

40 

- 

50 

- 

ns 


C WTS 

Write Command Set-Up Time (Test Mode In) 

10 

- 

10 

- 

ns 


t WTH 

Write Command Hold Time (Test Mode In) 

10 

- 

10 

- 

ns 


tWRP 

WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

- 

10 

- 

ns 


t WRH 

WRITE to RAS Hold Time 
(CAS before RAS Cycle) 

10 

- 

10 

- 

ns 

mm m 
■ ■ 









TC514100J/Z-80, TC514100J/Z-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(Note 15) 


■K.-.u i 
: AWD j 


PARAMETER 

Random Rood or Write Cycle Time 

Read-Write Cycle Time 

East Page Mode Cycle Time 

Fast Page Mode Read-Write Cycle Time 

Ac c e ^ s T im c f rom RA S 

Access Time from CA~S 

Access Time from Column x\ddress 

Access Time from CAS Precharge 

RAS Pulse Width 

RAS Pulse Width {Fast Page Mode) 

RAS Hold Time 
CAS Hold Time 
CAS Pulse Width 

Column Address to RAS Lead Time 
CAS to WRITE Delay Time 
RAS to WRITE Deiav Time 
Column Address to WRITE Deiav Time 


TC51 

4100J/Z 

-SO 

MIN. 

MAX. 

155 

- 

ISO 

- 

55 

- 

7 5 


- 

85 

- 

25 

- 

45 

- 

50 

85 

10,000 

85 

200,000 

25 

- 

85 

- 

25 

10,000 

45 

- 

25 

! 

85 

i - j 

45 

1 - 1 


TC514100J/Z 

-10 


30 

105 

30 10,000 

55 
30 
105 


EMIT 




CAPACITANCE (Vcc=5Vilo: 

SYMBOL I 


f=lMHz, Ta=0^70°C) 
PARAMETER 


Input Capacitance (AO'oAlO, Din) 
Input Capacitance (RAS, CAS, WRITE) 
Output Capacitance (Dqut) 


81 













TCS141OOJ/Z-SO, TGS141OOJ/Z-10 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3* S'CCI* I CC3s I CC4> I<3C6 depend on cycle rate. 

4. Icciv ^004 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ns is required after pox^er-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tp-5ns. 

7. Vjp(min.) and Vjp(max.) are reference .levels for measuring timing of input 
signals. Also, transition times are measured between Vjp and Vjp. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQFF( max *) defines the time at which the output achieves the open circuit con¬ 
dition and is not referenced to output voltage levels. 

10. Either tpcp or tppp must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write cycles. 

12. tpcg, tpyp, tQp) and t^p are not restrictive operating parameters. They are 

included in the data sheet at electrical characteristics only. If t^/CS = t^CS 

tmin.), the cycle is an early write cycle and data out pin will remain open 

circuit (high impedance) through the entire cvlce; If tpm) = tpyp(min.), 

tcwD = t’CWD( min *) aa d t^WD= tAWD( min •) s the cycle is a read-write cycle and data 
out will contain data read from the selected cell: If neither of the above 
sets of conditions is satisfied, the condition of the data out (at access time) 
is indeterminate. 

13. Operation within the tpp D (max.) limit insures that tp^(max.) can be met. 

tpcD(max•) is specified as a reference point only: If tp^p is greater than the 
specified tpQp(max.) limit, then access time is controlled by t^c* 

14. Operation within the tp^p(max.) limit insures that tp^c(max.) can be met. 
t RAD^ max '^ as s P ec ifi- e d as a reference point only: If tp^p is greater than the 
specified tp^p(max.) limit, then access time is controlled by t^. 

15. These specifications are applied in the test mode. 
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TC514100J/Z-80, TC5141OOJ/Z-10 



'H" or "L’ 












TC514100J/Z-80, TC514100J/Z-10 


FAST PAGE MODE READ-WRITE CYCLE 












TC514100J/Z-80, TC514100J/Z-1 0 



NOTE: WRITE="H" or "L". A10="H" or "L 1 






TC514100J/Z-80, TC514100J/Z-10 


CAS BEFORE RAS REFRESH CYCLE 



NOTE: A0^A10=”H" or "L" 
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TC5141Q0J/Z-80, TC514100J/Z-10 


HIDDEN REFRESH CYCLE (WRITE) 


EAS 


V IH — 
VlL — 





GAS 


VlH 

V IL 


t CRP| 



t RCD 



^RSH 



d OUT 


V 0H - 

V 0L — 


E 















TC514100J/Z-80. TC514100J/Z-10 


TEST MODE 

The TC514100J/Z is the RAM organized 4,194,304 words by 1 bit, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 secotrs 
in parallel and retrieved the same way. A]_qr, A^qq and Aqq are not used. If, upon 
reading, all bits are equal (all "l"s or M 0"s), the data output pin indicates a "1". 
If any >-f the bits differed, the data output pin would indicate a "0". Rig. 1 shows 
the block diagram of TC514100J/Z. In "Test Mode", the 4M DRAM can be tested as if 
it were a 512K DRAM. 

"MRITE, CAS Before RAS Cycle (Test Mode in Cycle)" shown in Page 17 puts the 
device into "Test Mode". And "CAS Before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back Into "Normal Mode". The "Test Mode" function reduces test times 
(1/8 in case of N test pattern). 
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TC514100J/Z-80. TC514100J/Z-10 


BLOCK DIAGRAM IN TEST MODE 


a 10R, a 10C, 














TC514100J/Z-80. TC514100J/Z-10 


• Plastic SOJ 


Unit in mm 




Note : Package width and length do not include mold protrution, 
allowable mold protrution is 0.15mm. 
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TC514100J/Z-80, TC514100J/Z-10 


Plastic ZIP 


Unit in mm 


2 6 3 MAX. 



3.0 MAX. 


vvvvvvvvvv 

as±ai 


vvvvvvvv 

1.27 TYP. 


1 3 5 7 9 11 13 15 17 19 

2 4 6 8 10 12 14 16 18 20 



Note : Package width and length do not include mold protrution, 
allowable mold protrution is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 

TCS1401J/Z-80, TC5I4101J/Z-10 


The TC514101J/Z ■ is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514101J/Z utilizes TOSHIBA’S CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating margins, both internally and 
to the system user. Multiplexed address inputs permit the TC514101J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size pro¬ 
vides high system bit densities and is compatible with widely available automated 
testing and insertion equipment. System oriented features include single power sup¬ 
ply of 5V±10Z tolerance, direct interfacing capability with high performance logic 
families such as Schottky TTL. 


FEATURES 

• 4,194,304 word by 1 bit organization 

* Fast access time and cycle time 


1 i 

TC514101J 

Z-80/-10 

c RAC 

RAS Access Time 

80ns 

100ns 

l AA 

Column Address 
Access Time 

40ns 

30ns 

r CAC 

CAS Access Time 

20ns 

25ns 

L RC 

Cycle Time 

130ns 

180ns 

c KC 

Nibble Mode 
Cycle Time 

40ns 

45ns 


Single power supply of 5V±1G% with a 
built-in Vp r generator 


PIN CONNECTION (TOP VIEW) 


Plastic SOJ 
D] IN cfi 26*h V 


Plastic ZIP 



26 

P vss 

A9 

J2 

rj ’ 

C 2 

25 

3 DOUT 

bout 

,.3j 


C 3 

24 

3 LAS 

din 

I'jy, 

g4__ 

C 5 

O O 

3 N.C. 

RAS 

yi 

P_. 

C^> 

2 2 

3 A 9 

N.C. 

‘ V] 

p;_ 

[fo 

[9 

3 io 

18 

17 

3 AS 
] A 7 

A0 

A2 

.UJ 

332 

h ^ 

c 11 

16 

] A 6 

vcc 

is] 

red 

C 12 

15 

3 A5 

A5 

17] 

LAP. 

C 13 

14 

3 A4 

A7 

19] 

tl.8_ 

v.- 




[2D. 


PIN NAMES 


A0 ^ A10 

Address Inputs 

RAS 

Row Address Strobe 

Din 

Data In 

pout 

Data Out 

CAS 

Column Address Strobe 

WRITE 

Read/Write Input 

Vcc 

Power (+5V) 

v ss 

Ground 

N.C. 

No Connection 


Low power 

578mW Operating (TC514101J/Z-80) 
495mW Operating (TC514101J/Z-10) 

5.5mW MAX. Standby 

Output unlatched at cylce end allows 
two-dimensional chip selection 
Common I/O capability using ’’EARLY 
WRITE" operation 

Read-Modify-Write, CAS before RAS re¬ 
fresh, RAS-onlv refresh, Hidden 
refresh, Nibble Mode and Test Mode 
capability 

All inputs and output TTL compatible 
1024 refresh cycles/16ms 
Package Plastic SOJ: TC514101J 

Plastic ZIP: TC514101Z 


BLOCK DIAGRAM 

\YR I TE O-1 


No.2 CLOCK 
GENERATOR 


COLUMN 
ADDRESS- v - 
BUFFERS (ll ) 


REFRESH 

CONTROLLER 


REFRESH N 
COUNTER (10) 


ROW t 

ADDRESS, J 
BUFFERS (11 )f 


No.1 CLOCK 
GENERATOR 


DATA IN 
BUFFER 


DATA OUT 
BUFFER 


COLUMN 

DECODER 


SENSE .AMP. • 
I/O GATING - 


MEMORY 

ARRAY 


SUBSTRATE BIAS 
GENERATOR 
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TC51401J/Z-80. TC514101J/Z-10 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTE 

Input Voltage 

VlN 

-1% 7 

V 

1 

Output Voltage 

v OUT 

-1 % 7 

V 

1 

Power Supply Voltage 

V CC 

-1%7 

V 

1 

Operating Temperature 

t OPR 

0^ 70 

°c 

1 

Storage Temperature 

TsTG 

-55 % 150 

°c 

1 

Soldering Temperature * Time 

t SOLDER 

260 * 10 

°C‘sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

I OUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=OWO°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

V CC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

00 

o 

v 

2 


DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=OWO°C) 


SYMBOL 

PARAMETER | 

MIN. 

MAX. 

UNITS 

NOTES 

I CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS", Address Cycling: t^g=tpc MIN.) 

TC51 4101 J/Z-80 

- 

105 

mA 

3,4 

TC51 4101 J/Z-10 

- 

90 

X CC2 

STANDBY CURRENT 

Power Supply Standby Current 

(ras=cas=v ih ) 

- 

2 

mA 


I CC3 

PAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=V IH : t RC =t RC MIN.) 

TC5 141 0 1 J/Z-8 0 

- 

105 

mA 

3 

TC5141 01 J/Z-10 

- 

90 

I CC4 

NIBBLE MODE CURRENT 

Average Power Supply Current, Nibble Mode 
(RAS=V il , CAS, Address Cycling: t NC =t NC MIN.) 

TC514101J/Z-80 

- 

60 

mA 

3,4 

TC514101J/Z-10 

- 

50 

I CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V CC -0.2V) 

- 

1 

mA 


I CC6 

CAS BEFORE RAS REFRESH CURRENT_ ___ 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: tRc =t RC MIN.) 

TC514 1 01 J/Z-80 

- 

105 

mA 

3 

TC514 101 J/Z-10 

- 

90 

UCL) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (OV < V < 6.5V, All 

Other Pins not under Test=0V) 

-10 

10 

PA 


I 0(L) 

OUTPUT LEAKAGE CURRENT 

(D out is disabled, OV < V QUT < 5.5 V) 

-10 

10 i 

PA 


v OH 

OUTPUT LEVEL 

Output "H" Level Voltage ( IoUT = ~ 3m A) 

2.4 

- 

V 


V OL 

OUTPUT LEVEL 

Output "L" Level Voltage(IoUT = ^* 2mA) 

- 

0.4 

V 
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TC51401J/Z-80, TC514101J/Z-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V CC =5V±10%, Ta=0‘WO°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TC514101J/Z 

-80 

TC514101J/Z 

-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

t RC 

Random Read or Write Cycle Time 

150 

- 

180 

- 

ns 


t RWC 

Read-Write Cycle Time 

175 

- 

210 

- 

ns 


*-NC 

Nibble Mode Cycle Time 

40 

- 

45 

- 

ns 


t NRMW 

Nibble Mode Read-Write Cycle Time 

65 

- 

75 

- 

ns 


c RAC 

Access Time from RAS 

- 

o 

oo 

- 

100 

ns 

8,13 

t CAC 

Access Time from CAS 

- 

20 

- 

25 

ns 

8,13 

fc AA 

Access Time from Column Address 

- 

40 

- 

50 

ns 

8,14 

t NCAC 

Nibble Mode Access Time 

- 

20 

- 

25 

ns 

8 

c CLZ 

CAS to Output in Low-Z 

0 

- 

0 

- 

ns 

8 

t OYF 

Output Buffer Turn-off Delay 

0 

20 

0 

30 

ns 

9 

t T 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

7 

rt 

E3 

RAS Precharge Time 

60 

- 

70 

- 

ns 


t RAS 

RAS Pulse Width 

80 

10,000 

100 

10,000 

ns 


tRSH 

RAS Hold Time 

20 

- 

25 

- 

ns 


t CSH 

CAS Hold Time 

80 

- 

100 

- 

ns 


t CAS 

CAS Pulse Width 

20 

10,000 

25 

10,000 

ns 


t RCD 

RAS to CAS Delay Time 

20 

60 

25 

75 

ns 

13 

t RAD 

RAS to Column Address Delay Time 

15 

40 

20 

50 

ns 

14 

t CRP 

CAS to RAS Precharge Time 

5 

- 

10 

- 

ns | 


tCP 

CAS Precharge Time 

10 

- 

10 

- 

ns 


t ASR 

Row Address Set-Up Time 

0 

- 

0 

- 

ns 


t RAH 

Row Address Hold Time 

10 

- 

15 

- 

ns 


C ASC 

Column Address Set-Up Time 

r 

- 

0 

- 

ns 


t CAH 

Column Address Hold Time 

15 

r*- 

20 

- 

ns 


tAR 

Column Address Hold Time referenced to RAS 

60 

- 

75 

- 

ns 


t RAL 

Column Address to RAS Lead Time 

40 

- 

50 

- 

ns 


tRCS 

Read Command Set-Up Time 

0 

- 

0 

- 

ns 


t RCH 

Read Command Hold Time 

0 

- 

0 

- 

ns 

10 

t RRH 

Read Command Hold Time referenced to RAS 

| 0 

- 

0 

- 

ns 

10 

twCH 

Write Command Hold Time 

15 

- 

20 

- 

ns 


HjCR 

Write Command Hold Time referenced to RAS 

60 

- 

75 

- 

ns 


r+ 

Write Command Pulse Width 

! 15 

- 

20 

- 

ns 


11 RILL 

Write Command to RAS Lead Time 

20 

- 

25 

- 

! ns 
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TC51401J/Z-80, TC514101J/Z-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC514101J/Z 

-80 

TC514101J/Z 

-10 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tCWL 

Write Command to CAS Lead Time 

20 

- 

25 

- 

ns 


tDS 

Data Set-Up Time 

0 

- 

0 

- 

ns 

11 

t DH 

Data Hold Time 

15 

- 

20 

- 

ns 

11 

^DHR 

Data Hold Time referenced to RAS 

60 

- 

75 

- 

ns 


l 'REF 

Refresh Period 

- 

16 

- 

16 

ms 


twcs 

Write Command Set-Up Time 

0 

- 

0 

- 

ns 

12 

t CVJD 

CAS^ to WRITE Delay Time 

20 

- 

25 

- 

ns 

12 

t RWD 

RAS to WRITE Delay Time 

80 

- 

100 

- 

ns 

12 

t AWB 

Column Address to WRITE Delay Time 

40 

- 

50 

- 

ns 

12 

t CSR 

CAS Set-Up Time (CAS before RAS Cycle) 

10 

- 

10 

- 

ns 


t CHR 

CAS Hold Time (CAS before RAS Cycle) 

30 

- 

30 

- 

ns 


t RPC 

RAS to CAS Precharge Time 

0 

- 

0 

- 

ns 


t CPT 

CAS Precharge Time 

(CAS before RAS Counter Test Cycle) 

40 

- 

50 

- 

ns 


t NCAS 

Nibble Mode Pulse Width 

20 

- 

25 

- 

ns 


c NCP 

Nibble Mode CAS Precharge Time 

10 

- 

10 

- 

ns 


t NRSH 

Nibble Mode RAS Hold Time 

20 

- 

25 

- 

ns 


tNCWD 

Nibble Mode CAS to WRITE Delay Time 

20 

- 

25 

- 

ns 


t NRWL 

Nibble Mode WRITE Command to RAS Lead 

Time 

20 

- 

25 

- 

ns 


t NCWL 

Nibble Mode WRITE Command to CAS Lead 

Time 

20 

- 

25 

- 

ns 


tWTS 

Write Command Set-Up Time (Test Mode In) 

10 

- 

10 

- 

ns 


t WTH 

Write Command Hold Time (Test Mode In) 

10 

- 

10 

- 

ns 


tWRP 

WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

- 

10 

- 

ns 


tWRH 

WRITE to RAS Hold Time 
(CAS before RAS Cycle) 

10 

- 

10 

- 

ns 
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TC51401J/Z-80. TC514101J/Z-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(NOTE 15) 


SYMBOL 

PARAMETER 

TC51AI0J/Z 

-80 

TC514101J/Z 

-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

155 

- 

185 

- 

ns 


tRWC 

Read-Write Cycle Time 

00 

o 

- 

215 

- 

ns 


tRAC 

Access Time from RAS 

- 

85 

- 

105 

ns 

8,13 

t CAC 

Access Time from CAS 

_ 

25 

- 

30 

ns 

8,13 

t AA 

Access Time from Column Address 


A5 

- 

55 

ns 

8,14 

tRAS 

RAS Pulse Width 

85 

10,000 

105 

10,000 

n s 


t -RSH 

RAS Hold Time 

25 

- 

30 

. 

ns 


t CSH 

CAS Hold Time 

85 

- 

105 

1 

ns j 


t CAS 

[CAS Pulse Width 

25 

10,000 

30 

10,000 

ns j 


t RAL 

Column Address to RAS Lead Time 

A5 


55 

_____ _ 

ns 


C CWD 

CAS to WRITE Delay Time 

25 

- 

30 

- 

ns 

12 

t RWD 

RAS to WRITE Delay Time 

85 

- 

105 

- 

ns 

12 

C AWD 

Column Address to WRITE Delay Time 

A 5 

- 

55 

- 

ns 

12 


CAPACITANCE (V CC =5V±10%, f = lMHz, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (AO^AIO, Djyi) 

- 

5 

P F 

Cl2 

Input Capacitance (RAS, CAS, WRITE) 

- 

7 

pF 

co 

Output Capacitance (Dqut) 

- 

7 

pF 
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TC51401J/Z-80, TC514101J/Z-10 


NOTES: 


1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3- T CC]> I CC3» X CC4 » I CC6 dc> P eild on cycle rate. 

4. Icci» X CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An init ial pause of 200)j s is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using Internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. ‘AC measurements assume tp=5ns. 

7. Vjp(min.) and Vjp(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vpp and Vjl. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQpp(max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either tp^p or t R pp must be satisfied for a read cycle. 

11. Th ese pa rameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-write cycles. 

12. twes> hRWD> tCWD and tAWD are not restrictive operating parameters. They are 

included in the data sheet as electrical characteristics only. If ty^g^ tycs 

(min.), the cycle is an early write cycle and data out pin will remain open 

circuit (high impedance) through the entire cycle; If tRWD = PRWD^^ 11 •) » 

t CWD = t CR T D^ TTlin -) and t^y'D = tAWD( m in•) , the cycle is a read-write cycle and 
data out will contain data read from the selected cell: If neither of the 
above sets of conditions is satisfied, the condition of the data out (at access 
time) is indeterminate. 

13. Operation within the t^Qp(max.) limit insures that tRAc(max.) can be met. 
t RCD^ max ’^ Xs s P ecX -fied as a reference point only: If tp£p is greater than the 
specified tpQ)(inax.) limit, then access time is controlled by tCAC* 

14. Operation within the tp^p ) (max.) limit insures that tpj^max.) can be met. 
tRAr)(max.) is specified as a reference point only: If tp^p is greater than the 
specified tj^jrj(max.) limit, then access time is controlled by t^. 

15. These specifications are applied in the test mode. 
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READ-WRITE CYCLE 


tRWC 
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NIBBLE MODE READ CYCLE 


JUS 


CAS 


AO-AJO 


d OUT 


WRITE 



NIBBLE MODE WRITE CYCLE (EARLY WRITE) 


HAS 


CAS 


A0-A1 0 


WRITE 


D IN 


d OUT 



VOL — 


"H" or "L" 
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NIBBLE MODE READ-WRITE CYCLE 







TC51401J/Z-80, TC514101J/Z-10 



NOTE: WRITE="H” or n L' 


. A10="H" or "L" 



TC51401J/Z-80, TC514101J/Z-10 



NOTE: A0^A10="H" or "L 






TC514101J/Z-10 
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HIDDEN REFRESH CYCLE (WRITE) 



V QH — 

VOL — 


DqUT 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 






TC51401J/Z-80, TC514101J/Z-10 


TEST MODE IN CYCLE 



d OUT 


v OH — 
VOL — 


Foff 



NOTE: D in , AO'Wn: : or ! 
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APPLICATION INFORMATION 
ADDRESSING 

The 22 address bits required to decode 1 of the 4,194,304 cell locations within 
the TC514101J/Z are multiplexed onto the 11 address inputs and latched into the on- 
chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), latches the 11 row address bits 
into the chip. The second clock, the Column Address Strobe (CAS), subsequently 
latches the 11 column address bits into the chip. Each of these signals, RAS, and 
CAS, triggers a sequence of events which are controlled by different delayed inter¬ 
nal clocks. 

The two clock chains are linked together logically in such a way that the ad¬ 
dress multiplexing operation is done outside of the critical path timing sequence 
for read data access. The later events in the CAS clock sequence are inhibited 
until the occurrence of a delayed signal derived from the RAS clock chain. This 
"gated CAS” feature allows the CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (tp_AH) h as been satisfied and the address inputs 
have been changed from Row address to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by 
a combination of WRITE and CAS while RAS is active. The later of the signals (WRITE 
or CAS) to make its negative transition is the strobe for the Data In (D-j-*^) register. 
This permits several options in the write cycle timing. In a write cycle, if the 
WRITE input is brought low (active) prior to CAS, the is strobed by CAS and the 

set-up and hold times are referenced to CAS. If the input data is not available at 
CAS time or if it is desired that the cycle be a read-write cycle, the WRITE signal 
will be delayed until after CAS has made its negative transition. In this "delayed 
write cycle" the data input set-up and hold times are referenced to the negative 
edge of WRITE rather than CAS. (To illustrate this feature, Djjq is referenced to 
WRITE in the timing diagrams depicting the read-write and nibble mode write cycles 
while the "early write" cycle diagram shows Djn referenced to CAS) . 

Data is retrieved from the memory in a read cycle by maintaining WRITE in the 
inactive or high state throughout the portion of the memory cycle in which CAS is 
active (low). Data read from the selected cell will be available at the ouptut 
within the specified access time. 
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DATA OUTPUT CONTROL 

The normal condition of the Data Output (Dqu-jO of the TC514101J/Z is the high 
impedance (open circuit) state. This is to say, anytime CAS is at a high level, the 
Dqut P^ n be floating. The only time the output will turn on and contain either 

a logic 0 or logic 1 is at access time during a read cycle. Dqut will remain valid 
from access time until CAS is taken back to the inactive (high level) condition. 


NIBBLE MODE 

Nibble mode operation allows faster successive data operation on 4 bits. The 
first of 4 bits is accessed in the usual manner with read data coming out at tQ^C 
time. By keeping RAS low, CAS can be cycled up and then down, to read or write the 
next three pages at high data rate. Row and column address need only be supplied 
for the first access of the cycles. From then on, the falling edge of CAS will 
activate the next bit. After four bits have been accessed, the next bit will be 
the same as the first bit accessed (wrap-around method). 

f—(0, 0)--(0, 1)--(1, 0)--(1, 1) 

1 _ 

Address A10 determines the starting point of the circular 4 bits nibble. Row A10 
and column A10 provide the two binary bits needed to select one of four bits. 

From then on, successive bits come out in a binary fashion; 00 -*■ 01 -> 10 ->■ 11 with 
A10 row being the least significant address. 

A nibble cycle can be a read, write, or delayed write cycle. Any combinations 
of reads and writes or late writes will be allowed. In addition, the circular wrap¬ 
around will continue for as long as RAS is kept low. 



RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle 
at each of the 1024 row address (A0^A9) within each 16 millisecond time interval. 
Although any normal memory cycle will perform the refresh operation, this function 
is most easily accomplished with "RAS-only" cycles. 
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CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the TC51A101J/Z offers an alternate 
refresh method. If CAS is held on low for the specified period (t C g R ) before RAS 
goes to low, on chip refresh control clock generators and the refresh address counter 
are enabled, and an internal refresh operation takes place. After the refresh op¬ 
eration is performed, the refresh address counter is automatically incremented in 
preparation for the next CAS before RAS refresh operation. 

HIDDEN REFRESH 

An optional feature of the TC514101J/Z is that refresh cycles may be per¬ 
formed while maintaining valid data at the output pin. This referred to as Hidden 
Refersh. Hidden Refresh is performed by holding CAS at Vj^ and taking RAS high and 
after a specified precharge period (tpp), executing a CAS before RAS refresh cycle. 
(See Figure below) 


RAS 


CAS 


AauT 

This feature allows a refresh cycle to be "hidden 1 ' among data cycles without 
affecting the data availability. 
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CAS BEFORE MS REFRESH COUNTER TEST 

The internal refresh operation of TC514101J/Z can be tested by CAS BEFORE RAS 
REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the internal 
counter address as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS" cycles as initializa¬ 
tion cycles. The test procedure is as follows. 

(1) Write "0" into all the memory cells at normal write mode. 

(2) Select one certain column address and read "0" out and write "1" in each cell 
by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE). 

Repeat this operation 1024 times. 

(5) Check "1” out of 1024 bits at normal read mode, which was written at (2). 

(4) Using the same column as (2) , read "l" out and write "0" in each cell per¬ 
forming CAS BEFORE RAS REFRESH COUNTER TEST. 

Repeat this operation 1024 times. 

(5) Check "0" out of 1024 bits at normal read mode, which was written at (4). 

(6) Perform the above (l) to (5) the complement data. 
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TEST MODE 

The TC514101J/Z is the RAH organized 4,194,304 words by 1 bit, it is internally 
organized 524,288 words by 8 bits. In ’’Test Mode”, data are written into 8 sectors 
in parallel and retrieved the same way. A10R, A10C and AOC are not used. If, upon 
reading, all bits are equal (all "l”s or ”0”s), the data output pin indicates a ”1”. 
If any of the bits differed, the data output pin would indicate a ”0”. Fig. 1 shows 
the block diagram of TC514101J/Z. In "Test Mode”, the 4M DRAM can be tested as if 
it were a 512K DRAM. 

"WRITE, CAS Before RAS Cycle (Test Mode in Cycle)" shown in Page 15 puts the 
device into "Test Mode". And "CAS Before RAS refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". The "Test Mode” function reduces test times 
(1/8 in case of N test pattern). 
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BLOCK DIAGRAM IN TEST MODE 


AlOR, AlOC, AOC 












• Plastic SOJ 


TC51401J/Z-80, TC514101J/Z-10 


Unit in mm 


12 3 4 5 9 10 11 12 13 


0.6 6 - 0.8 1 


0.4 


Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is 0.15mm. 
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• Plastic ZIP 


Unit in mm 




1 3 5 7 9 11 13 15 17 19 



2 4 6 8 10 12 14 16 18 20 


Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is 0.15mm. 
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TOSHIBA BIOS MEMORY PRODUCTS 

TC514102J/Z-80, TC514102J/Z-10 


DESCRIPTION 

The TC514102J/Z is the new generat 
bit. The TC514102J/Z utilizes TOSHIBA’ 
as advanced circuit techniques to provi 
to the system user. Multiplexed addres 
in a standard 26/20 pin plastic SOJ and 
high system bit densities and is compat 
and insertion equipment. System orient 
5V±10% tolerance, direct interfacing ca 
such as Schottky TTL. 


ion dynamic RAM organized 4,194,304 words by 1 
s CMOS Silicon gate process technology as well 
de wide operating margins, both internally and 
inputs permit the TC514102J/Z to be packaged 
20 pin plastic ZIP. The package size provides 
ible with widely available automated testing 
ed features include single power supply of 
pability with high performance logic families 


FEATURES 

* 4,194,304 word by 1 bit organization 

* Fast access time and cycle time 



TC514102J/Z-80/-10 

tRAC RAS Acpess Time 

80ns 

100ns 

t Column Address 

^ Access Time 

40ns 

50ns 

kCAC CS Access Time 

20ns 

25ns 

t rc Cycle Time 

150ns 

180ns 

f Static Column 

^ Mode Cycle Time 

4 5ns 

55ns 


• Single power 
built-in Vgg 

PIN CONNECTION 

Plastic SOJ 


supply of 
generate*! 


5VU0Z with a 


(TOP VIEW) 

Plastic ZIP 



vo 
!>';! T 
t>I.\ 

1 L\ S 
N.C. 
AO 
A 2 
V 

A 5 


A 3 

r-.>- 




<’S 

_k_J 

'-‘I 

[A 

Vss 


[A 

uri n; 

J — 1 

~,T “1 

m 

\ 1 0 

--j 


x ( . 

lj] 

TJ 


V’;? 


1 * 


Tf 

A3 

TV 



[pi 

V 1 

Ag 

~v?> 

its: 

A6 

CS 

\cS 


PIN NAMES 


A0 v A10 

Address Inputs 

RAS 

Row Address Strobe 

din 

Data In 

dout 

Data Out 

CS 

Chip Select Input 

WRITE 

Read/Write Input 

Vec 

Power (+5V) 

Vss 

Ground 

N.C. 

Ko Connection 


Low power 

550mW Operating (TC514102J/Z-80) 

468mW Operating (TC514102J/Z-10) 

5.5mU MAX. Standby 

Output unlatched at cycle end allows two- 
dimensional chip selection 
Common I/O capability using "EARLY WRITE" 
operation 

Read-Modifv-Urite, CS before RAS refresh, 
RAS-only refresh, Hidden refresh, Static 
Column Mode and Test Mode capability 
All inputs and output TTL compatible 
1024 refresh cvcles/16ms 


Package 


BLOCK DIAGRAM 

uiTTTT: o-» 


Plastic SOJ: 
Plastic ZIP: 


TC514102J 
TC514102Z 


=0 


\o.2 (’LOOK 
generator 


A 0 c 
A 1 c 
A 2 C 
A3 C 
A 4 O—| 
A 5 C 
A 6 0-1 
A 7 O—j 
AS C 
A 9 C 
W (J O-H 


RAS < 


11 


* \T \ I N 
51 ITER 


DATA (M T 
151 FT EH 


DOLT 


COLUMN 
ADDRESS 
BUFF ERS(ll) 


REFRESH 
('(»N TROLL Ell 


REFRESH 
o()U\ TER (in', 


zz 


ROW 

\J AD DUES.- 
Bi 1 Rials 


nr 




COH MN 
DECODER 


.SENSE AMP. 
I/O GATING 


No . 1 CLOCK 
OENER \TOR 




■x. 

1024 




-- 4096 -- 


MEMORY 
A R f U \ 


SUBSTRATE BIAS 
GENERATOR 


VCC 

Vss 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTE 

Input Voltage 

V 1N 

- 1 % 7 

V 

1 

Output Voltage 

VOUT 

-l'W 

V 

1 

Power Supply Voltage 

Vcc 

-1 % 7 

V 

1 

Operating Temperature 

t OPR 

o 

<? 

o 

°c 

1 

Storage Temperature 

TsTG 

-55 ^ 150 

°c 

1 

Soldering Temperature • Time 

TSOLDER 

260 * 10 

°C*sec 

1 

Power Dissipation 

PD 

600 

mW 

1 

Short Circuit Output Current 

lOUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0'W0°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Inpdt Low Voltage 

- 1.0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta= 0 'W 0 °C) 


SYMBOL 

PARAMETER | 

MIN. 

MAX. 

UNITS 

NOTES 

I CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CS, Address Cycling: t R £=t R c MIN.) 

TC514102J/Z-80 

- 

100 

mA 

3, 4 

TC514102J/Z-10 

- 

85 

I CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CS=V IH ) 

- 

2 

mA 


I CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CS=V IH : t RC =t RC MIN.) 

TC514102J/Z-80 


100 

mA 

3 

TC514102J/Z—10 

- 

85 

I CC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column Mode 
(RAS=CS=Vjl, Address Cycling: tgc^tsc MIN.) 

TC5M102J/Z-80 

- 

60 

mA 

3, 4 

TC514102J/Z-10 

- 

50 

X CC5 

STANDBY CURRENT 

Power Supply Standby Current 

(RAS=CS=V CC -0.2V) 

- 

1 

mA 


I CC6 

CS BEFORE RAS REFRESH CURRENT _ _ 

Average Power Supply Current, CS Before RAS Mode 
(RAS, CS Cycling: t RC =t RC MIN.) 

TC51 4102J/Z-80 

- 

100 

mA 

1 

3 

TC514102J/Z -1 0 

- 

85 

X I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input (0V5 Vj^= 6.5V, All Other 
Pins Not Under Test=0V) 

-10 

10 

P A 


X I(L) 

OUTPUT LEAKAGE CURRENT 

(Dqut is disabled, 0V <■ Vq^^, <■ 5.5V) 

-10 

10 

PA 


VOH 

OUTPUT LEVEL 

Output "H" Level Voltage (IoUT = -5mA) 

2.4 

- 

V 


v OL 

OUTPUT LEVEL 

Output ,: L" Level Voltage (Iqut = ^ * 2mA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AMD RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5 V±1 °%, Ta=0^70°C) (Notes 5, 6 , 7) 


SYMBOL 

PARAMETER 

TC514102J/Z 

-SO 

TC514102J/Z 

-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

150 

- 

180 

- 

ns 


tRWC 

Read-Write Cycle Time 

175 


210 

- 

ns 


C sc 

Static Column Mode Cycle Time 

45 


55 


ns 


t SRWC 

Static Column Mode Read-Write Cycle Time 

80 

- 

10Q 

- 

ns 

- 

c RAC 

Access Time from RAS 

- 

80 

- 

100 

ns 

8,13 

t CAC 

Access Time from CS 

- 

20 

- 

25 

ns 

8,13 

C AA 

Access Time from Column Address 

- 

40 

- 

50 

ns 

8,14 

t ALW 

Access Time from Last Write 


75 

- 

95 

ns 

8,15 

t CLZ 

CH to Output in Low-Z 

0 

- 

0 

- 

ns 

8 

t OFF 

Output Buffer Turn-off Delay 

0 

20 

0 

30 

ns 

9 

t AOH 

Output Data Hold Time from Column 

Address 

5 

- 

5 

- 

ns 


c OW 

Output Data Enable Time from WRITE 

- 

20 

- 

25 

ns 


t WOH 

Output Data Hold Time from WRITE 

0 

- 

0 

- 

ns 


t T 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

7 

t RP 

RAS Precharge Time 

60 


70 

- 

ns 


t RAS 

RAS Pulse Width 

SO 

10,000 

100 

10,000 

ns 


t RASC 

RAS Pulse Width (Static Column Mode) 

80 

200,000 

100 

200,000 

ns 


C RSH 

RAS Hold Time 

20 

- 

25 

- 

ns 


t CSH 

CS Hold Time 

so 

- 

100 


ns 


t CS 

CS Pulse Width 

20 ' 

10,000 

25 

10,000 | 

ns 


t CSC 

CS Pulse Width (Static Column Mode) 

20 I 

200,000 

25 

200,000 

ns 


t RCD 

RAS to CS Delay Time 

20 

60 

25 

75 

ns 

13 

C RAD 

RAS to Column Address Delay Time 

15 

40 

20 

50 

ns 

14 

tCRP 

CS to RAS Precharge Time 

5 

- 

10 

- 

ns 


t CV 

CS Precharge Time 

10 

- 

10~ 

- 

ns 


tASR 

Row Address Set-Up Time 

0 

- 

0 

- 

ns 


t RAH 

Row Address Hold Time 

10 

- 

15 

- 

ns 


t ASC 

Column Address Set-Up Time 

0 

- 

0 ~ 

- 

ns 


t CAH 

Column Address Hold Time 

15 

- 

20 

- 

ns 


t AWR 

Write Address Hold Time referenced to 

RAS 

60 

- 

75 

- 

ns 


t AR 

Column Address Hold Time referenced to 
RAS 

90 

- 

115 

- 

ns 



- A-225 — 












TC514102J/Z-80, TC514102J/Z-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC514102J/Z 

-80 

TC514102J/Z 
-10 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

t RAL 

Column Address to RAS Lead Time 

40 

- 

50 

- 

ns 


c RCS 

Read Command Set-Up Time 

0 

- 

0 

- 

ns 


t*RCH 

Read Command Hold Time 

0 

- 

0 

- 

ns 

10 

*-RRH 

Read Command Hold Time referenced to RAS 

0 

- 

0 

- 

ns 

10 

t WCH 

Write Command Hold Time 

15 

- 

20 

- 

ns 


t WCR 

Write Command Hold Time referenced to 

RAS 

60 

- 

75 

- 

ns 


fc WP 

Write Command Pulse Width 

15 

- 

20 

- 

ns 


C WI 

Write Command Inactive Time 

10 

- 

10 

- 

ns 


t AR 

Column Address Hold Time referenced to 

RAS Rise 

5 

- 

10 

- 

ns 

16 

t LWAD 

Last Write to Column Address Delay Time 

20 

35 

25 

45 

ns 

15 

t AHLW 

Last Write to Column Address Hold Time 

75 

- 

95 

- 

ns 


C RWL 

Write Command to RAS Lead Time 

20 

- 

25 

- 

ns 


tcWL 

Write Command to CS Lead Time 

20 

- 

25 


ns 


C DS 

Data Set-Up Time 

0 

- 

0 

- 

ns 

11 

C DH 

Data Hold Time 

15 

- 

20 

- 

ns 

11 

C DHR 

Data Hold Time referenced to RAS 

1 60 

- 

75 

- 

ns 


t REF 

Refresh Period 

- 

16 

- 

16 

ms 


t wcs 

Write Command Set-Up Time 

0 

- 

0 

- 

ns 

12 

l cwd 

CS to WRITE Delay Time 

20 

- 

25 

- 

ns 

12 

t RWD ! 

RAS to WRITE Delay Time 

80 

- 

100 

- 

ns 

12 

t AWD 

Column Address to WRITE Delay Time 

40 

- 

50 

- 

ns 

12 

t CSR 

CS~ Set-Up Time (CS before RAS Cycle) 

10 

- 

10 

- 

ns 


tCHR 

CS Hold Time (CS before RAS Cycle) 

30 

- 

30 

- 

ns 


c RPC 

RAS to CS Precharge Time 

o': 

- 

0 

- 

ns 


t CPT 

CS Precharge Time 

(CS before RAS Counter Test Cycle) 

40 

- 

50 

- 

ns 


C WTS 

Write Command Set-Up Time (Test Mode In) 

10 

- 

10 

- 

ns 


t WTH 

Write Command Hold Time (Test Mode In) 

10 

- 

10 

- 

ns 


tWRP 

WRITE to RAS Precharge Time 
(CS before RAS Cycle) 

10 

- 

10 

- 

ns 


C WRH 

WRITE to RAS Hold Time 
(CS before RAS Cycle) 

10 

- 

10 

- 

ns 
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TC514102J/Z-80, TC514102J/Z-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(Note 17) 


SYMBOL 

PARAMETER 

TC514102J/Z 

-80 

TC514102J/Z 

-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

155 

- 

185 

- 

ns 


c RWC 

Read-Write Cycle Time 

180 

- 

215 

- 

ns 


tsc 

Static Column Mode Cycle Time 

50 

- 

60 

- 

ns 


tSRWC 

Static Column Mode Read-Write Cycle Time 

85 


105 

- 

ns 


•-RAC 

Access Time from RAS 

- 

85 

- 

105 

ns 

8,13 

tCAC 

Access Time from CS 

- 

25 

- 

30 

ns 

8,13 

t AA 

Access Time from Column Address 

- 

45 

- 

55 

ns 

8,14 

*-ALW 

Access Time from Last Write 

- 

80 

- 

100 

ns 

8,15 

t RAS 

RAS Pulse Width 

85 

10,000 

105 

10,000 

ns 


t RASC 

RAS Pulse Width (Static Column Mode) 

85 

200,000 

105 

200,000 

ns 


tRSH 

RAS Hold Time 

25 

- 

30 

- 

ns 


t CSU 

CS Hold Time 

85 

- 

105 

- 

ns 


t CS 

CS Pulse Width 

25 

10,000 

30 

10,000 

ns 


t CSC 

CS Pulse Width (Static Column Mode) 

25 

200,000 

30 

200,000 

ns 


t RAL 

Column Address to RAS Lead Time 

45 

- 

55 

- 

ns 


t ClNfD 

CS to WRITE Delay Time 

25 

- 

30 

- 

ns 

12 

t Rl^D 

RAS to WRITE Delay Time 

85 

- 

105 

- 

ns 

12 

t AWD 

Column Address to WRITE Delay Time 

45 

- 

55 

- 

ns 

12 


CAPACITANCE (V CC =5V+10%, f=lMHz, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

cn 

Input Capacitance (A0%A10, Dppi) 

- 

5 

pF 

C I 2 

Input Capacitance (RAS, CS, WRITE) 

- 

7 

pF 

Co 

Output Capacitance (Dqut) 

- 

7 

pF 
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TC514102J/Z-80, TC514102J/Z-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(Note 17) 


SYMBOL 

PARAMETER 

TC514102J/Z 

-80 

TC514102J/Z 

-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

155 

- 

185 

- 

ns 


c RWC 

Read-Write Cycle Time 

180 

- 

215 

- 

ns 


tsc 

Static Column Mode Cycle Time 

50 

- 

60 

- 

ns 


c SRWC 

Static Column Mode Read-Write Cycle Time 

85 

- 

105 

- 

ns 


t RAC 

Access Time from RAS 

- 

85 

- 

105 

ns 

8,13 

tCAC 

Access Time from CS 

- 

25 

- 

30 

ns. 

8,13 

t AA 

Access Time from Column Address 

- 

45 

- 

55 

ns 

8,14 

t ALW 

Access Time from Last Write 

- 

80 

- 

100 

ns 

8,15 

t RAS 

RAS Pulse Width 

85 

10,000 

105 

10,000 

ns 


t RASC 

RAS Pulse Width (Static Column Mode) 

85 

200,000 

105 

200,000 

ns 


tRSH 

MS Hold Time 

25 

- 

30 

- 

ns 


t CSH 

CS Hold Time 

85 

- 

105 

- 

ns 


t CS 

CS Pulse Width 

25 

10,000 

30 

10,000 

ns 


tcsc 

CS Pulse Width (Static Column Mode) 

25 

200,000 

30 

200,000 

ns 


t Rj\L 

Column Address to RAS Lead Time 

45 

- 

55 


ns 



CS to WRITE Delay Time 

25 

- 

30 

- 

ns 

12 

t RWD 

RAS to WRITE Delay Time 

85 

- 

105 

- 

ns 

12 

Mwd 

Column Address to WRITE Delay Time 

45 

- 

55 

- 

ns 

12 


CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0'W0°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (AO'vAlO, Din) 

- 

5 

pF 

C I2 

Input Capacitance (RAS, CS, WRITE) 

- 

7 

pF 

Co 

Output Capacitance (Dqut) 

- 

7 

PF 
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TC514102J/Z-80, TC514102J/Z-10 


NOTES: 

1. Stresses greater than those listed under ’’Absolute Maximum Ratings” may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3. IcCl> I CC3> X CC4 * I CC 6 depend on cycle rate. 

4. Icci> 1CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by any 8 RAS 
cycles before proper device operation is achieved. 

In case of using internal refresh counter, a minimum of 8 CS before RAS in¬ 
itialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume ty-Sns. 

7. Vjj|(min.) and VjL(max.) are reference levels for measuring timing of input 

signals. Also, transition times are measured between and Vjy. 

8 . Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQFF(”£:•:•) defines the time at which the output achieves the open circuit con¬ 
dition and is not referenced to output voltage levels. 

10. Either tcII or C RRH must be satisfied for a read cycle. 

11. These parameters are referenced to CS leading edge in early write cycles and 
to TRITE leading edge in read-write cycles. 

Id* t TCS’ tRWD > t CWD nnd t a\nTD ore not restrictive operating parameters. They 

are induced in the data sheet as eLectrical characteristics only. If tyrvg =. 
t; .) and typp#. t^cpCmin.) , the cycle is an early write cycle and data out 

pin vi11 remain open circuit (high impedance) throughout the entire cycles; If 
typy-d tpypfnin . ) , t (g.;j) 1 t(ygp(min.) and tgyp 1 typip (nin .) , the cycle is a read- 
write cycle and the data out will contain data read from the selected cell: If 
neither of the above sets of conditions is satisfied, the condition of the data 
out (.it access time) is indeterminate. 

13. operation within the tggp(min.) limit insures that tgyg(ma::.) can be met. 
tpcpimax.) is specified as a reference point only: If tpyp is greater than the 
specified tj^’D(max.) limit, then access time is controlled by t^^Q. 

14. Operation within the tp w \p(max.) limit insures that tg\c(max.) can be met. 

t RAD (max.) is specified as a reference point only: If tp w \p is greater than the 
specified t [y\D (max. ) limit, then access time is controlled exclusively by ty u \. 

15. Operation within the tpy r \p (max . ) limit insures that t y py (ma x. ) can be met. 

^LWAD( ma specified as a reference point only: If t lrjAD ^s greater than the 
specif ied tyy^pj(max.) limit , then access time is controlled exclusively by t^. 

16. t L \\l is the condition to latch column address when RAS has rised up. 

17. These specifications are applied in the test mod-.. 
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TC514102J/Z-80. TCS14102J/Z-10 

TIMING WAVEFORMS 




v oh — 


d out 


o i> i :.\ 





READ-WRITE CYCLE 



^< > l. 


TC514102J/Z-80, TC514102J/Z-10 
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TC514102 J/Z-80. TC514102J/Z-10 


STATIC COLUMN MODE READ-WRITE CYCLE 




A r\n A _ 



TC514102J/Z-80, TC514102J/Z-10 



NOTE: WRITE="H n or "L". A10="H" or "L" 


TC514102J/Z-8Q, TC514102J/Z-10 

cs BEFORE RAS REFRESH CYCLE 



NOTE: A0^A10="H" or "L" 




— A=236 — 






TC514102J/Z-80, TC514102J/Z-10 





TC514102J/Z-80. TC514102J/Z-10 
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TC514102J/Z-80, TC5I4102J/Z-10 


CS BEFORE RAS REFRESH COUNTER TEST CYCLE 




Y7A : "H" or "L 1 
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TC514102J/Z-80, TC514102J/Z-10 

TEST MODE 

The TC514102J/Z is the RAM organized 4,194,304 words by 1 bit, it is internally 
organized 524,238 words by 8 bits. In "Test Mode", data are written into 8 sectors 
in parallel and retrieved the same way. A10R, AlOC and AOC are not used. If, upon 
reading, all bits are equal (all "l"s or "Q"s), the data output pin indicates a "1". 
If any of the bits differed, the data output pin would Indicate a "0". Fig. 1 shows 
the block diagram of TC514102J/Z. In "Test Mode", the 4M DRAM can be tested as if' 
it were a 512K DRAM. 

"WRITE, CS Before RAS cycle (Test Mode in Cycle)" shown in Page 16 puts the 
device into "Test Mode". And "CS Before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode”. The "Test Mode" function reduces test times 
(1/8 in case of N test pattern). 
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BLOCK DIAGRAE-1 10 TEST MODE 










TC514102J/Z-80, TC514102J/Z-10 


• Plastic SOJ 

Unit in mm 



3 15 9 10 11 12 13 


0,0 0 - 0.8 1 



Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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9.6 6 - 9.9 0 



TC514102J/Z-80, TC514102J/Z-10 





I 6 8 10 12 14 16 18 20 


Note: Package width and length do not include mold protrusion, allox^able 

mold protrusion is 0.15mm. 
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TC514400J/Z-80, TC514400J/Z-10 


DESCRIPTION 

The IC51440UJ/Z is the new generation dynamic RAX I organized 1,048,57b words by 4 
bits. The TC514400J/Z utilizes TOSHIBA’S CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating margins, both internally and 
to the system user. Multiplexed address inputs permit the TC514400J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size pro¬ 
vides high system bit densities and is compatible with widely available automated 
testing and insertion equipment. System oriented features include single power supply 
of 5Yi10 tolerance, direct interfacing capability with high performance logic families 
such as Schott lev TTL. 

FEATURES 


1,048,576 word by 4 bit organization 
Fast access time and cycle time 



TC 514 400 -1/ E-30,- -10 

RAC 

RAS Access Time 

80ns 

100ns 

l AA 

Column Address 
Access Time 

40ns 

50ns 

t CAC l CAS Access Timej 

20ns 

25ns 

tRC 

Cycle Time 

150ns 

180ns 

t PC 

Fast Page Mode 
Cycle Time 

50ns 

60ns 


PIN CONNECTION (TOP VIEW) 


Plastic SOJ 


Plastic ZIP 




1 j -- 

[: 2 7 

] IX * 1/33 

if] !=“ 

C : 24 
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].■'/: Vo, 
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d: 1 • 

] / 

1 J rrg 

1 / 

] ' V,;%j 


Co lh 

] 

^ 

q/- i'ii 

] ** 

T a /■- 





PIN NAMES 


AO o. A9 

Address Inputs 

RAS 

Row Address Strobe 

CAS 

Column Address Strobe 

WRITE 

Read/Write Input 

0E 

Output Enable 

1/01 'b 1/04 

Data Input/Output 

V CG 

Power (+5V) 

V SS 

Ground 


Single power supply of 5V±10% with a 
built-in generator 


Low Power 

578mW MAX. Operating (TC514400J/Z-80) 
495nW MAX. Operating (TC5144G0J/Z-10) 
5.5mW MAX. Standby 

Outputs unlatched at cycle end allows two- 
dimensional chip selection 
Read-Modifv-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh and 
Fast Page Mode capability 
All inputs and outputs TTL compatible 
1024 refresh cycles/16ms 
Package Plastic SOJ: TC514400J 
Plastic ZIP: TC514400Z 


BLOCK DIAGRAM 


1 1 1 1 


r r 


DATA IN 


DATA OUT 

BUFFER 


BUFFER 


TO- 


A0 C 
Al C 
A2C 
A3 C 
A4 C 
A5C 
A 6 C 
A7C 
A8C 
A9t 


10 


COLUMN 
ADDRESS 
UUFFEFI10) 


REFRESH 

COI'ITRCLLEl 

" ' i 



—Hi 



- 1 1 




REFRESH 
OUNTER( 10) 


1C J~ 1 COUNTE. 

__/( ROW 


ADDRESS 
BUFFER ( 10) 


COLUMN 

DECODER 


SENSE AMP 
I/O GATE 


10 


No. 1 CLOCK 
GENERATOR 


Ed 
=5 a 
o o 


-1024— 
X 4 


£ 


MEMORY 

ARRAY 

1024X1024X4 


SUBSTRATE BIAS 
GENERATOR 
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TC514400J/Z-80, TC514400J/Z-10 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

Ri\TING 

UNITS 

NOTES 

Input Voltage 

VlN 

-1^7 

V 

1 

Output Voltage 

v OUT 

-i Vf 

V 

1 

Power Supply Voltage 

Vcc 

-1^ 7 

V 

1 

Operating Temperature 

Topr 

o 

a 

o 

°C 

1 

Storage Temperature 

TsTG 

-55 ^150 

°c 

1 

Soldering Temperature • Time 

t S0LDER 

260 • 10 

°C•sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

1 0\] r T 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=CK 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

V CC 

Supply 

/ Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input 

High Voltage 

2.4 


6.5 

V 

2 

V IL 

Input 

Low Voltage 

- 1.0 

- 

00 

o 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V cc =5VilO%, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

I CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRC =t RC MIN.) 

T'V IN.HV ’,-80 

- 

105 

mA 

3,4 

T'’.' 1 4 40 0 ■) L 

- 

SO 

I CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V IH ) 

- 

2 

mA 


I CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vjp: tpc=tpc MIN.) 


- 

105 

mA 

3 

TO 51440.0 4 0 - 1H 

- 

90 

X CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS=Vjp, CAS, Address Cycling: tp^=tpQ MIN.) 

To ol L400 J/ . - t0.. 

- 

70 

mA 

3,4 

TO 4 1 4400 Z/Z- 10 


60 

Pees 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V CC -0.2V) 

- 

1 

mA 


l CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS Mode (RAS, CAS Cycling: tRC^tRC MIN.) 

TOO 14400J/1-TO 

- 

105 

mA 

3 

To 4 144 00J/Y-10 

- 

90 

X I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OVSVpy < 6.5V, All Other Pins Not Under Test=0V) 

-10 

10 

pA 


X 0 (L) 

OUTPUT LEAKAGE CURRENT 

(Dqut i- s disabled, 0 V=Vqut=5‘5V 

-10 

10 

pA 


V 0H 

OUTPUT LEVEL 

Output "H" Level Voltage (IoUT = ”5mA) 

2.4 

- 

V 


o 

> 

OUTPUT LEVEL 

Output "L" Level Voltage (IqUT = ^• 2mA) 

- 

0.4 

V 
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TC514400J/Z-80, TC514400J/Z-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


( V CC =5V±10% > Ta=0^70°C) (Notes 5, 6, 7) 



PARAMETER 

TC514400J/Z 

-80 

TC5144001 l*L 
-10 

UNIT 

NOTES 

MIN. 

MAX. . 

MIN. 

MAX. 

13M 

Random Read or Write Cycle Time 

150 

- 

180 

- 

ns 


t R:iw 

Read-Modir" y-Wri te Cyc1e Time 

205 

- 

245 

- 

ns 


tpn 

Fast Pace Mode Cycle Time 

50 

- 

60 

- 

ns 


tpRMv: 

Fast Page Mode Read-Modifv-Write Cycle 
Time 

100 

- 

115 

- 

ns 


l RAC 

Access Tine from RAS 

- ! 80 

__ . .. 


100 

ns 

8,13 

l CAC 

Access Time from CAS 

. 

- 

20 

- | 25 

ns 

8,13 

t AA 

Access Time from Column Address 

- 

40 

i 50 

ns 

8,13 

tCPA 

Access Time from CAS Precharge 

- 

45 

- ; 55 

ns 

8 

t CLZ 

CAS to Output in Low-Z 

0 

- 

0 

- 

ns 

8 

t OFF 

Output Buffer Turn-off Delay 

0 

20 

0 

20 

ns 

9 

C T 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

7 

t RP 

RAS Precharge Time 

60 

- 

70 


ns 


t RAS 

RAS Pulse Width 

80 

10,000 

100 

10,000 

ns 


t RASP 

RAS Pulse Width (Fast Page Mode) 

80 

200,000 

100 

200,000 

ns 


t RSH 

RAS Hold Time 

20 

- 

25 

- 

ns 


t CS^ J 

CAS Hold Time 

80 

- 

100 

- 

ns 


t CAS 

CAS Pulse Width 

20 

10,000 

25: 

10,000 

ns 


t RCD 

RAS to CAS Delay Time 

20 

60 

25 

75 

ns 

13 

t 'RAD 

RAS to Column Address Delay Time 

15 

40 

20 

50 

ns 

14 

t CRP 

CAS to RAS Precharge Time 

5 

- 

10 

- 

ns 


c CP 

CAS Precharge Time 

10 

- 

10 

- 

ns 


t ASR 

11 RAH 

Row Address Set-Up Time 

0 

- 

0 

- 

ns 


Row Address Hold Time 

10 

- 

15 

- 

ns 


Jc ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

ns 


t CAH 

Column Address Hold Time 

15 

- 

20 

- 

ns 


t AR 

Column Address Hold Time referenced to 
; RAS 

60 

- 

75 

- 

ns 


tRAL 

Column Address to RAS Lead Time 

40 

- 

50 

- 

ns 



Read Command Set-Up Time 

0 

- 

0 

- 

ns 



Read Command Hold Time 

0 

- 

0 

- 

ns 

10 























TC514400J/Z-80, TC514400J/Z-10 


ELECTRICAL CHARACTERISTICS AMD RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC514400J/ 

Z-80 

TC514400J/ 

Z-10 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

t RRH 

Read Command Hold Time referenced to RAS 

0 

- 

0 

- 

ns 

10 

twCH 

Write Command Hold Time 

15 

- 

20 

- 

ns 


t WCR 

Write Command Hold Time referenced to RAS 

60 

- 

75 

- 

ns 



Write Command Pulse Width 

15 

- 

20 

- 

ns 


t RKL 

Write Command to RAS Lead Time 

20 

- 

25 

- 

ns 


t CVJL 

Write Command to CAS Lead Time 

20 

- 

25 

- 

ns 


l DS 

Data Set-Up Time 

0 

- 

0 

- 

ns 

11 


Data Hold Time 

15 

- 

20 

- 

ns 

11 

^DHR 

Data Hold Time referenced to RAS 

60 

- 

75 

- 

ns 


tREF 

Refresh Period 


16 

- 

16 

ms 


t WCS 

Write Command Set-Up Time 

0 

- 

0 

- 

ns 

12 

fc CWD 

CAS to WRITE Delay Time 

50 

- 

60 

- 

ns 

12 

z R\m 

RAS to WRITE Delay Time 

110 

- 

135 

- 

ns 

12 

t AUD 

Column Address to WRITE Delay Time 

70 

- 

85 

- 

ns 

12 

t CSR 

CAS Set-Up Time (CAS before RAS Cycle) 

10 

- 

10 

- 

ns 


t CHR 

CAS Hold Time (CAS before RAS Cycle) 

30 

_ i 

30 

i 

ns 


t RPC 

RAS to CAS Precharge Time 

0 

- 

0 

1 

ns 


tCPT 

CAS Precharge Time 

(CAS before RAS Counter Test Cycle) 

40 

- 

50 

- 

ns 


tROH 

RAS Hold Time referenced to OE 

! io 

j - 

20 

- 

ns 


t OEA 

OE Access Time 

- 

20 

- 

25 

ns 


t OED 

OE to Data Delay 

20 

- 

25 

- 

ns 


t OEZ 

Output Buffer Turn Off Delay Time from OE 

0 

20 

0 

20 

ns 


tOEH 

OE Command Hold Time 

20 

- 

25 

- 

ns 


t WTS 

Write Command Set-Up Time(Test Mode In) 

10 

- 

10 

- 

ns 


t WTH 

Write Command Hold Time (Test Mode In) 

10 

- 

10 

- 

ns 


tWRP 

WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

- 

10 

- 

ns 


tWRH 

WRITE to RAS Hold Time 
(CAS before RAS Cycle) 

10 

- 

10 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 


SYMBOL 

PARAMETER 

TC514400J/Z 
"8° _i 

TC514400J/Z 

-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

155 

- 

185 

- 

ns 


tRMW 

Read-Modify-Write Cycle Time 

210 

- 

250 

- 

ns 


t PC 

Fast Page Mode Cycle Time 

55 

- 

65 

- 

ns 


tPRMW 

Fast Page Mode Read-Modify-Write Cycle 
Time ' 

105 

- 

120 

- 

ns 


c RAC 

Access Time from RAS 

- 

85 

- 

105 

ns 

8,13 

t CAC 

Access Time from CAS 

- 

25 

- 

30 

ns 

8,13 

^AA 

Access Time from Column Address 

- 

45 

- 

55 

ns 

8,13 

t CPA 

Access Time from CAS Precharge 

- 

50 

- 

60 

ns 

8 

t RAS 

RAS Pulse Width 

85 

10,000 

105 

10,000 

ns 


tRASP 

RAS Pulse Width (Fast Page Mode) 

85 

200,000 

105 

200,000 

ns 


t RSH 

RAS Hold Time 

25 

- 

30 

- 

ns 


t CSH 

CAS Hold Time 

85 

- 

105 

- 

ns 


fc CAS 

CAS Pulse Width 

25 

10,000 

30 

10,000 

ns 


tRAL 

Column Address to RAS Lead Time 

45 

- 

55 

- 

ns 


tCWD 

CAS to WRITE Delay Time 

55 

- 

! 65 

- 

ns 

12 

tRlvD 

*FAS tc WRITE Delay Time 

115 

- 

140 

- 

ns 

12 

t A'.\'D : 

Column Address to WRITE Delay Time 

75 

- 

90 

- 

ns 

12 

tOEA 

OE Access Time 

- 

25 

- 

30 

ns 


tOED 

OE to Data Delay 

25 

- 

30 

- 

ns 


t OEH 

OE Command Hold Time 

25 

- 

30 

- 

ns 



CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0'W0°C : J 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (A0^A9) 

- 

5 

pF 

Cl2 

Input Capacitance (RAS, CAS, WRITE, OE) 

- 

7 

PF 

c o 

Output Capacitance (1/01^1/04) 

- 

7 

pF 
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TC514400J/Z-80, TC514400J/Z-10 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg- 

3. I CC1> I CC3> I CC4> I CC6 depend on cycle rate. 

4. I(X1’ ^CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200iis is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tx=5ns. 

7. VinCmin.) and Vjp(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vj^ and Vjl. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQp F (max.) and tQ EZ (max.) define the time at which the output achieves the open 
circuit condition and are not referenced to output voltage levels. 

10. Either or must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-modify-write cycles. 

12. tycg, tpyp), tcyj) and t^y D are not restrictive operating parameters. They are in¬ 
cluded in the data sheet as electrical characteristic only. If twCS= tycS(min.) 
the cycle is an early write cycle and data out pin will remain open circuit 
(high impedance) through the entire cycle; If t RWD £ t RWD (min.), t CWD £ t CWD (min.) 
and tAWD =.tAWD(min.), the cycle is a read-modify-write cycle and data out will 
contain data read from the selected cell: If neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

13. Operation within the t RCD (max.) limit insures that t RAC (max.) can be met. 
tRCD'( max *) as specified as a reference point only: If t R Q) is greater than 
the specified t R Qp)(max.) limit, then access time is controlled by tQ^£. 

14. Operation within the t^^(max.) limit insures that tRAC( max *) can raet • 
iRAD( max *) is specified as a reference point only: If tRAD is greater than 
the specified tRAD( max *) limit, then access time is controlled by tAA* 
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TC514400J/Z-80, TC514400J/Z-10 


READ CYCLE 









TC514400J/Z-80, TC514400J/Z-10 


WRITE CYCLE (OE CONTROLLED WRITE) 




FAST PAGE MODE READ CYCLE 



FAST PAGE MODE WRITE CYCLE 



TC514400J/Z-S0, TC514400J/Z-10 





















TC514400J/Z-80, TC514400J/Z-10 


RAS ONLY REFRESH CYCLE 



Note: WRITE, OE="H" or "L" 


m 


"H” or ”L" 


CAS BEFORE RAS REFRESH CYCLE 


RAS 


CAS 


WRITE 



v 0H —- y 

VOL —_/ 

Note: OE, A0^A9="H" or "L M 


"H" or "L” 


I/O 1-1/04 


OPEN 


TC514400J/Z-80, TC514400J/Z-10 


HIDDEN REFRESH CYCLE (READ) 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 







TC514400J/Z-80. TC514400J/Z-10 


TEST MODE 

The TC514400J/Z is the RAM organized 1,048,576 x^ords by 4 bits, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors 
in parallel and retrieved the sane way. Aoc is not used. If, upon readiig, two bits 
oil one I/O pin are equal (ell "3"s or "0"s) , the I/O pin indicates a "1”. 

If they were not equal, the I/O pin would indicate a "0". Fig* 1 shows the block 
diagram of TC514400J/Z. In "Test Mode", the 1M x 4 DRAM can be tested as if it 
were a 512K x4 DRAM. 

"WRITE, CAS Before RAS Cycle (Test Mode in Cycle)" shown in Page 14 puts the 
device into "Test Mode". And "CAS Before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". The "Test Mode" function reduces test 
times (1/2 in case of N test pattern). 
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TC514400J/Z-80, TC514400J/Z-10 


• Plastic SOJ 


Unit in mm 





0.8 MIN. 






0.6 6 ~ 0.8 1 



Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is 0.15mm. 
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9.6 6 ~ 9.9 0 




TC514400J/Z-80. TCS14400J/Z-10 


• Plastic ZIP 


Unit in mm 



Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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TC514402J/Z-80, TC514402J/Z-10 


DESCRIPTION 

The TC514402J/Z is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514402J/Z utilizes TOSHIBA’S CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating margins, both internally and 
to the system user. Multiplexed address inputs permit the TC514402J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size provides 
high system bit densities and is compatible with widely available automated testing 
and insertion equipment. System oriented features include sinlge power supply of 
5V±10% tolerance, direct interfacing capability with high performance logic families 
such as Schottky TTL. 


FEATURES 

• 1,048,576 word by 4 bit organization 

* Fast access time and cycle time 


L ..... .. 1 

TC 514 4 0 2 JV Z - 8 0 / - 1 0 

tRAC 

RAS Access Time 

80ns 

100ns 

tAA 

Column Address 
Access Time 

40ns 

50ns 

t CAC l CS Access Time 

20ns 

25ns 

t RC 1 Cycle Time 

150ns 

180ns 

1 Static Column 
]Mode Cycle Time 

45ns 

55ns 


Single power supply of 5V±10% with a 
built-in Vgg generator 


• Low Power 

578mW MAX. Operating (TC514402J/Z-80) 
495mW MAX. Operating (TC514402J/Z-10) 

5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows 

two-dimensional chip selection 

• Read-Modify-Write, CS before RAS refresh, 

RAS-only refresh. Hidden refresh and 
Static Column Mode capability 

• All inputs and outputs TTL compatible 

• 1024 refresh cycles/16ms 

• Package Plastic SOJ: TC514402J 

Plastic ZIP: TC514402Z 


PIN CONNECTION (TOP VIEW) 


BLOCK DIAGRAM 


Plastic SOJ 


Plastic ZIP 



OE 

1/03 

V S S 
1/02 
HAS 
A0 
A 2 
V CC 
Ao 
A7 


3] 


CS 

L 04 
L 01 


WHITE 

A9 

A1 

A3 

A 4 

A6 

A8 


PIN NAMES 


AO % A9 

Address Inputs 

RAS 

Row Address Strobe 

CS 

Chip Select 

WRITE 

Read/Write Input 

OE 

Output Enable 

1/01 n, 1/04 

Data Input/Output 

Vcc 

Power (+5V) 

VSS 

Ground 


WRITE O- 




No. 2 CLOCK 
GENERATOR 


AOC 
Ale 
A2C 
A3C 
A4C 
Aoc 
A6 c 
A7 C 
A8c 
A9C 


COLUMN 
ADDRESS 
BUFFER(10) 


aS 


ZA 


REFRESH 

CONTROLLER 


REFRESH 
COUNTER (10) 


ROW 

ADDRESS 

BUFFER(IO) 

' 1 l Z 


1/01 1/02 1/03 1/04 

M 1 1 


DATA IN- 
BUFFER 

H 


DATA OUT 
BUFFER 


4 

—Ti 

Ft 








COLUMN 

DECODER 


SENSE AMP 
I/O GATE 


10 


No. 1 CLOCK 
GENERATOR 




(£ 

£ § 
20 
a 
c 

1024 



—-1024 — 
x 4 


MEMORY 
ARRAY 
1024x 1024x4 


SUBSTRATE BIAS 
GENERATOR 
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TC514402J/Z-80, TC514402J/Z-10 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V IN 

-1^7 

V 

1 

Output Voltage 

v OUT 

-l'W 

V 

1 

Power Supply Voltage 

v cc 

-l'W 

V 

1 

Operating Temperature 

t opr 

0W0 

°c 

1 

Storage Temperature 

t stg 

-55^150 

°c 

1 

Soldering Temperature • Time 

t solder 

260 • 10 

°C • sec 

1 

Power Dissipation 


600 

mW 

1 

Short Circuit Output Current 

pout 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0'W0°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V IL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (Vcc=5V±10%, Ta=Q'WO°C) 


SYMBOL 

PARAMETER | 

MIN. 

MAX. 

UNITS 

NOTES 

I CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CS, Address Cycling: t R £=t R c MIN.) 

TC5 14402J 
/Z-8 0 

- 

105 

mA 

3,4 

TC514402J 
/Z- 1 0 

- 

90 

X CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CS=V IH ) 

- 

2 

mA 


I CC3 

RAS ONLY REFRESH CURRENT _ 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CS=Vj R : t R( /=t R c ^IN.) 

TC51 440 2J 
/Z-80 

- 

105 

mA 

3 

TC514402J 

/Z-10 

- 

90 

I CC4 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column Mode 
(RAS=CS=V il , Address Cycling: tsc=tgc MIN.) 

TC5144 02J 
/Z~80 

- 

65 

mA 

3,4 

TC514402J 
/Z-10 

- 

55 

I CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CS=V cc ~0.2V) 

- 

1 

mA 


I CC6 

CS BEFORE RAS REFRESH CURRENT _ _ 

Average Power Supply Current, CS Before RAS Mode 
(RAS, CS Cycling: t RC =t RC MIN.) 

TC5144 0 2J 
/Z-80 

- 

105 

mA 

3 

TC514402J 

/Z-10 

- 

90 

I I(L) 

INPUT LEAKAGE CURRENT ; 

Input Leakage Current, any input 

(0V 1 V IN 1 6.5V, All Other Pins not under Test=0V) 

-10 

10 

yA 


I 0(L) 

OUTPUT LEAKAGE CURRENT 

(D out is disabled, 0VSV 0UT <5.5V) 

-10 

10 

yA 


V OH 

OUTPUT LEVEL 

Output "H" Level Voltage (Iq UT =-5ttiA) 

2.4 

- 

V 


V 0L 

OUTPUT LEVEL 

Output "L" Level Voltage (IqUT = ^• 2mA) 

- 

0.4 

V 
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TC514402J/Z-80, TC514402J/Z-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V CC =5V ±10 %, Ta=0^70°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TC514402J/Z 

-80 

TC514402J/Z 

-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

c RC 

Random Read or Write Cycle Time 

150 

- 

180 

- 

ns 


t R>nc 

Read-Modify-Write Cycle Time 

205 

- 

245 

- 

ns 


C sc 

Static Column Mode Cycle Time 

45 

- 

55 

- 

ns 


t SR>K7 

Static Column Mode Read-Modify-Write 
Cycle Time 

110 

- 

135 

- 

ns 


t RAC 

Access Time from RAS 

- 

80 

- 

100 

ns 

00 

h- 1 

u> 

c CAC 

Access Time from CS 

__ 

20 

- 

25 

ns 

8,13 

C AA 

Access Time from Column Address 

- 

40 

- 

50 

ns 

8,14 

t AL T .J 

Access Time from Last Write 

- 

75 

- 

95 

... . 

ns 

8,15 

t CLZ 

CAS to Output in Low-Z 

0 

- 

0 

~ 

ns 

8 

t OFF 

Output Buffer Turn-off Delay 

0 

20 

0 

20 

ns 

9 

e aoh 

Output Data Hold Time from Column 
Address 

5 

- 

5 

- 

ns 


t ow 

Output Data Enable Time from WRITE 

- 

20 

- 

30 

ns 


t T 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

7 

tRP 

RAS Precharge Time 

60 

- 

70 

- 

ns 


tRAS 

RAS Pulse Width 

80 

10,000 

100 

10,000 

ns 


t RASC 

RAS Pulse Width (Static Column Mode) 

80 

200,000 

100 

200,000 

ns 


t RSH 

RAS Hold Time 

20 

- 

25 

- 

ns 


t csn 

CS Hold Time 

80 

- 

100 

- 

ns i 


t cs 

CS Pulse Width 

20 

10,000 

25 

10,000 

ns 


t csc 

CS Pulse Width (Static Column Mode) 

20 

200,000 

25 

200,000 

ns 


f- 

t RCD 1 

RAS to CS Delay Time 

20 

60 

25 

75 

ns 

13 

C RAD 

RAS to Column Address Delay Time 

15 

40 

20 

50 

ns 


tCRP i 

iCS to RAS Precharge Time 

5 

- 

10 

- 

ns 


t CP i 

CS Precharge Time 

10 

- 

o 

rH 

- 

ns 


t ASR 

Row Address Set-Up Time 

0 

- 

0 

- 

ns 


rt 

£ 

EC 

Row Address Hold Time 

10 

- 

15 

- 

ns 


t ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

ns 


t CAH 

Column Address Hold Time 

15 

- 

20 

- 

ns 


t AV7R 

Write Address Hold Time referenced to 
RAS 

60 

- 

75 

- 

ns 


C AR 

Column Address Hold Time referenced to 
RAS 

95 

- 

115 

- 

ns 


t RAL 

Column Address to RAS Lead Time 

40 

- 

50 

- 

ns 
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TC514400J/Z-80, TC514400J/Z-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC514402J/Z 

-80 

TC514402J/Z 

-10 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

t AH 

Column Address Bold Time referenced to 
RAS Rise 

5 

- 

10 

- 

ns 

16 

t LWAD 

Last Write to Column Address Delay Time 

20 

35 

25 

45 

ns 

15 

C AHLW 

Last Write to Column Address Hold Time 

75 

- 

95 

- 

ns 


t RCS jRead Command Set-Up Time 

0 

- 

0 

- 

ns 


t RCH 

Read Command Hold Time 

0 

- 

0 

- 

ns 

10 

t RRH 

Read Command Hold Time referenced to RAS 

0 

- 

0 

- 

ns 

10 

t WCH 

Write Command Hold Time 

15 

- 

20 

- 

ns 


t WCR 

Write Commadn Hold Time referenced to 

RAS 

60 

- 

75 

- 

ns 


t WP 

Write Command Pulse Width 

15 

- 

20 

- 

ns 


C WI 

WHITE Inactive Time 

10 

- 

10 

- 

ns 


z RVrL 

W ; rite Command to RAS Lead Time 

20 

- 

25 

- 

ns 


t c\-rL 

W T rite Command to CS Lead Time 

20 

- 

25 

- 

ns 


t DS 

Data Set-Up Time 

0 

- 

0 

- 

ns 

11 

tDH 

Data Hold Time 

15 

- 

20 

_ 

ns 

11 

t DHR 

Data Hold Time referenced to RAS 

60 

- 

75 

- 

ns 


C REF 

Refresh Period 

- 

16 

- 

16 

ms 


C wcs 

Write Command Set-Up Time 

0 

- 

0 

- 

ns 

12 

t QvT) 

CS to WRITE Delay Time 

50 

- 

65 

- 

ns 

12 

t RWD 

RAS to WRITE Delay Time 

110 

- 

135 

- 

ns 

12 

t AIvD 

Column Address to WRITE Delay Time 

70 

- 

85 

- 

ns 

12 

t CSR 

CS Set-Up Time (CS before RAS Cycle) 

10 

- 

10 

- 

ns 


t CKR 

CAS Hold Time (CS before RAS Cycle) 

30 

- 

30 

~ 

ns 


t RPC 

&AS to CS Precharge Time 

0 

- 

0 


ns 


t CPT 

CS Precharge Time 

(CS before RAS Counter Test Cycle) 

40 

- 

50 

- 

ns 


c ROH 

RAS Hold Time referenced to OE 

10 

- 

20 

- 

ns 


tOEA 

OE Access Time 

- 

20 

- 

25 

ns 


t OED 

OE to Data Delay 

20 

- 

25 

- 

ns 


c OEZ 

Output Buffer Turn Off Delay Time from OE 

0 

20 

0 

20 

ns 

9 

t OEH 

OE Command Hold Time 

20 

- 

25 

- 

ns 


t WTS 

Write Command Set-Up Time(Test Mode In) 

10 

- 

10 

- 

ns 


fc WTH 

Write Command Hold Time (Test Mode In) 

10 

- 

10 

- 

ns 


Hjrp 

WRITE to RAS Precharge Time 
(CS before RAS Cycle) 

10 

- 

10 

- 

ns 


t WRH 

WRITE to RAS Hold Time 
(CS before RAS Cycle) 

10 

- 

10 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(V C c ss 5V ±10 %, Ta=0^70°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TC514402J/Z 

-80 

TC514402J/Z 

-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

155 

- 

185 

- 

ns 


t RMW 

Read-Modify-Write Cycle Time 

210 

- 

250 

- 

ns 


C sc 

Static Column Mode Cycle Time 

50 

- 

60 

- 

ns 


t SRMW 

Static Column Mode Read-Modiry-Write 
Cycle Time 

115 


140 

- 

ns 


t RAC 

Access Time from RAS 

- 

85 

- 

105 

ns 

8,13 

Z CAC 

Access Time from CS 

- 

25 

- 

30 

ns 

8,13 

tAA 

Access Time from Column Address 

- 

45 

- 

55 

ns 

i—i 

00 

fc ALW 

Access Time from Last Write 

- 

80 

- 

100 

ns 

8,15 

tow 

Output Data Enable Time from WRITE 

- 

25 

- 

35 

ns 


tRAS 

MS' Pulse Width 

8 

10,000 

10 

10,000 

ns 


tRASC 

RAS Pulse Width (Static Column Mode) 

8 

200,000 

10 

200,000 

ns 


t RSH 

RAS Hold Time 

25 

- 

30 

- 

ns 


tCSH 

CS Hold Time 

85 

- 

105 

- 

ns 


tcs 

CS Pulse Width 

25 

10,000 

30 

10,000 

ns 


tCSC 

CS Pulse Width (Static Column Mode) 

25 

200,000 

30 

200,000 

ns 


tRAL 

Column Address to RAS Lead Time 

45 

- 

55 

- 

ns 


tcWD 

CS to WRITE Delay Time 

55 

- 

70 

- 

ns 

12 

tRWD 

RAS to WHITE Delay Time 

115 

- 

140 

- 

ns 

12 

C AWD 

Column Address to WRITE Delay Time 

75 

- 

90 

- 

ns 

12 

tOEA 

OE Access Time 

- 

25 

- 

30 

ns 


tOED 

OE to Data Delay 

25 

- 

30 

- 

ns 


tQEH 

OE Command Hold Time 

25 

- 

30 

- 

ns 
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CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

Cll 

Input Capacitance (A0vA9) 

- 

5 

pF 

C I2 

Input Capacitance (RAS, CS, WRITE, OE) 

- 

7 

Co 

Input Output Capacitance (1/01^1/04) 

- 

7 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3- I CC1> I CC3> I CC4 > I CC6 depend on cycle rate. 

4. IcCl» ^CC4 depend on output loading. Specificied values are obtained with the 
output open. 

5. An initial pause of 200ps is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t^bns. 

7. Vpy(min.) and VjyCmax.) are reference levels for measuring timing of input sig¬ 
nals. Also, transition times are measured between Vj R and Vj R . 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQpp(max.) and toEz( max *) define the time at which the output achieves the open 
circuit condition and are not referenced to output voltage levels. 

10. Either t R Q R or t RRR must be satisfied for a read cycle. 

11. These parameters are referenced to CS leading edge in early write cycles and to 
WRITE leading edge in Read-Modify-Write cycles. 

12. tyyg, t R yp, tcyp and t^yi) are not restrictive operating parameters. They are 
included the data sheet as electrical characteristics only. If twcs^WCS^™- 11 *) > 
the cycle is an early write cycle and the data out pin will remain open circuit 
(high impedance) through the entire cycle; If t RWI) It R y D (min.) , tcypdtQyp^min.) and 
tAWD^AWlK 11 ^ 11 *) > the cycle is a Read-Modify-Write cycle and the data out will con¬ 
tain data read from the selected cell: If neither of the above sets of conditions 
is satisfied, the condition of the data out (at access time) is indeterminate. 

13. Operation within the t R Q)( max -) limit insures that tRAc( ma3 ?' ;; ) can met » 
tRCp(max.) is specified as a reference point only: If t R CD is greater than the 
specified t R ^ R (max.) limit, then access time is controlled by tQ^C* 

14. Operation within the t R ^j)(max.) limit insures that t R ^Q(max.) can be met. 
tRAp(max.) is specified as a reference point only: If tp^ is greater than the 
specified t R ^ R (max.) limit, then access time is controlled by t^. 

15. Operation within the t R y AD (max.) limit insures that t^Ly(max.) can be met. 
t LWAD( Tnax *) as specified as a reference point only: If t R y^ is greater than the 
specified tLyAD( max *) limit, then access time is controlled exclusively by t^A. 

16. t^H is the condition to latch column address when RAS has rised up. 
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TC514402J/Z-80. TC514402J/Z-10 




VA- "H 1 


or n L n 










H" or "L 



















TC514402J/Z-80, TC514402J/Z-10 


STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 


RAS 


A0-A9 


CS 


WRITE 


V IL — 


ft 


t RASC 


u tRP j 

fL 


l ASR i 


V 1H — 
V IL - 


V IL — 


v IH -" 

V IL — 

Vi 


V 


' IH 
IL 


1 / 01 - 1/04 


v IH 




ROW 

ADDRESS 




CAH 


‘COLUMN 

ADDLESS 


l A\VR 


tRAD PaSlC 


tRCD 


Uvrs 




t ASC 

r 



COLUMN 

ADDRESS 


tRAL 


‘COLUMN 

ADDRESS 




}WCH 1 W 

~ l 


t W p 


—•*3 

& 


tWCH 



/ 


d cwl 


l wc 




mi 


1 1 

J. L ./■ ...if X L 

DHR 

1 1 1 DS ^ 

Li i l 

j, t 

i i i i 

tDS 

,/ i i, 

1 ! 1 t ! I I 1 l l l 1 I II t ! II l I ! ! _ 

munm 

r VALID 
DATA 

WA 

"valid j 

_DATA 

iii/fik dat! d wimn/m 


"H" or M L" 


STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 
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TC514402J/Z-80, TC514402J/Z-10 


STATIC COLUMN MODE READ/WRITE MIXED CYCLE 


RAS 


CS 


A0-A9 


WHITE 


OE 


L 01-1/04 



J 



(READ) 


(READ) 


"H" 


M L" 


(WRITE) 






TC514402J/Z-80, TC514402J/Z-10 



CS BEFORE RAS REFRESH CYCLE 



Note: OE, AO^ A9="H” or "L" 

^ : n H M or "L" 












TC514402J/Z-80, TC514402J/Z-10 


CS BEFORE RAS REFRESH COUNTER TEST CYCLE 


tRP 
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TC514402J/Z-80. TG514402J/Z-10 


TEST MODE IN CYCLE 









TC514402J/Z-80. TC514402J/Z-10 

TEST MODE 

The TC514402J/Z is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors 
in parallel and retrieved the same way. AOC is not used. If, upon reading, two 

bits on one I/O pin are equal (all "l"s or "0"s), the I/O pin indicates a "1". 

If they were not equal, the I/O pin would indicated a "0". Fig. 1 shows the block 
diagram of TC514402J/Z. In "Test Mode", the 1Mx 4 DRAM can be tested as if it were 
a 512Kx 4 DRAM. 

"WRITE, CS Before RAS Cycle (Test Mode in Cycle)" shown in Page 16 puts the 
device into "Test Mode". And "CS Before RAS Refresh Cycle" or "RAS Only Refresh 

Cycle" puts it back into "Normal Mode". The "Test Mode" function reduces test 

times (1/2 in case of N test pattern). 
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TC514402J/Z-80. TC514402J/Z-10 


• Plastic SOJ 


Unit in mm 



1 2 3 4 5 9 10 11 12 13 



Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is 0.15mm. 


— A-284 


9.6 6 ~ 9.9 0 



TC514402J/Z-80, TC514402J/Z-10 


• Plastic ZIP 


Unit in mm 


2 6.3 MAX. 


1 

/ 

INDEX DOT 


vvVVVvVvvv 

0.5± 0.1 

ft. 

y|VVVVVVVU 

1 1.2 7TYP. 

1 3 5 7 9 

*\ —|-* - 

11 13 15 17 19 




■4 6 8 10 12 14 16 18 20 


3.0 MAX. 



Note: Package width and length do not include mold protrusion, allowable mold 

protrusion is 0.15mm. 



TC514402J/Z-80. TC514402J/Z-10 
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TOSHIBA IMS MEMORY PRODUCTS 

TC514410J/Z-S0, TC51441OJ/Z-10 

DESCRIPTION 

The TC514410J/Z is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514410J/Z utilizes TOSHIBA’S CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally 
and to the system user. Multiplexed address inputs permit the TC514410J/Z to be pack¬ 
aged in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size 
provides high system bit densities and is compatible with widely available automated 
testing and insertion equipment. System oriented features include single power sup¬ 
ply of 5V±10% tolerance, direct interfacing capability with high performance logic 
families such as Schottky TTL. 


FEATURES 

• 1,048,576 word by 4 bit organization 

• Fast access time and cycle time 


] 

TC5 1 44 10 J/Z.- 80/— 10 

tRAC 

RAS Access Time 

80ns 

100ns 

t AA 

Column Address 
Access Time 

40ns 

50ns 

l CAC 

CAS Access Time 

20ns 

25ns 

XT 

O 

Cycle Time 

150ns 

180ns 

t PC 

Fast Page Mode 
Cycle Time 

50ns 

60ns 


• Single power supply of 5V±10% with a 
built-in Vgg generator 

PIN CONNECTION (TOP VIEW) 

Plastic SOJ Plastic ZIP 


Low Power 

578mW MAX. Operating (TC514410J/Z-80) 
495mW MAX. Operating (TC514410J/Z-10) 
5.5mW MAX. Standby 

Outputs unlatched at cycle end allows 
two-dimensional chip selecti on 
Read-Modify-Write, CAS before RAS refresh, 
RAS-only refresh. Hidden refresh. Write 
Per Bit and Fast Page Mode capability 
All inputs and outputs TTL compatible 
1024 refresh cycles/16ms 
Package Plastic SOJ: TC514410J 
Plastic ZIP: TC514410Z 


BLOCK DIAGRAM 


wi 101 
W2 102 




wa WRITE q3 
RAS Q 4 
A9 ri5 


A 0 [ 9 

A 1 [ 10 
A2 [ 11 
A 3 C -2 

v- cc qi3_ 
PIN NAMES 


]V SS OE 

25 h W'4/104 W3/I03 
24 ] W3/L03 
23 ] CAS 


220 OE pr, 


18 3A8 
17JA7 
16 ] A 6 
15 3 Ao 
14 3 A 4 


V SS 
W2/102 
RAS 
A0 
A 2 
V CC 
A 5 
A 7 


ml 

i 

J9J 


CAS 

W4/T04 

WlAIOl 


A0 a A9 

Address Inputs 

RAS' 

Row Address Strobe 

CAS 

Column Address Strobe 


Write Per Bit/Read/ 

Write Input 

WB/WRITE 

m 

Output Enable 

Wl/IOlA 
W4/I04 

Write Selection/ 

Data Input/Output 

Vcc 

Power (+5V) 

Vss 

Ground 


WB/’WRITE 
A9 
A1 
A3 
A4 
A6 
A8 

A0 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 


v cc v ss 

11 


W2MI02 W 4/104 
Wl/IOl W3/I03 

MM 


WB/WRITE 




No. 2 CLOCK 
GENERATOR 


COLUMN 
ADDRESS , 
BUFFER CIO) 


REFRESH 

CONTROLLER 


DATA IN 


DATA OUT 

BUFFER 


BUFFER 


> OE 


hS 




REFRESH 
COUNTER (10) 


ROW 

. .ADDRESS N 
BUFFER (10) 




COLUMN 

DECODER 


SENSE AMP 
I/O GATE 


No. 1 CLOCK 
GENERATOR 


£ Q 
OO 
PS u 


-. 1024.. 
x 4 


MEMORY I 
ARRAY 

1024X1 024X4 1 


SUBSTRATE BIAS 
GENERATOR 
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TG514410J/Z-80, TC5144I0J/Z-10 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

VlN 

-1V7 

V 

1 

Output Voltage 

VOUT 

-1V7 

V 

1 

Power Supply Voltage 

V CC 

-1^7 

V 

1 

Operating Temperature 

t OPR 

0^70 

°C 

1 

Storage Temperature 

TsTG 

-55^150 

°C 

1 

Soldering Temperature’Time 

TsOLDER 

260*10 

°C•sec 

1 

Power Dissipation 

Pd 

600 

mW 

1 

Short Circuit Output Current 

tout 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=OWO°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

Vec 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V IH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

i 

i— 1 

o 

- 

00 

o 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0'\-70°C) 


SYMBOL 

PARAMETER j 

MIN. 

MAX. 

UNITS 

NOTES 

TCCI 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: t RC =t RC MIN.) 

TC514410J/Z-80 

- 

105 

mA 

3,4 

TC514410J/Z-10 

- 

90 

I CC2 

STANDBY CURRENT 

Power Supply Standby Current 

(ras=cas=v ih ) 

- 

2 

mA 


I CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vxh* rc 'C r: "tRC MIN.) 

TC514410J/Z-80 

- 

105 

mA 

3 

TC514410J/Z-10 

- 

90 

I CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, list p- b e Mode 
(RAS=VpL, CAS, Address Cycling: tpc =t pc MIN.) 

TC514410J/Z-80 

- 

70 

mA 

3,4 

TC514410J/Z-10 

- 

60 

I CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=C7S-V c q-0.2 V) 

- 


oA 


I CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before 

RAS Mode (RAS, CAS Cycling: t RC =t RC MIN.) 

TC514410J/Z-80 

- 

105 

mA 

3 

TC514410J/Z-10 

- 

90 

I I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any input 

(OV<Vin< 6.5V, All Other Pins Not Under Test=0V) 

-10 

10 

pA 


I 0(L) 

OUTPUT LEAKAGE CURRENT 

(Dqux is disabled, 0 V<_Vq(jj<5.5V 

-10 

10 

pA 


V 0H 

OUTPUT LEVEL 

Output "H" Level Voltage (LouT = “5mA) 

2.4 

- 

V 


V 0L 

OUTPUT LEVEL 

Output "L" Level Voltage (IoUT = ^* 2m A) 

- 

0.4 

V 
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TC514410J/Z-80, TC514410J/Z-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V CC =5V±10%, Ta=0%70°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TC514410J/Z 

-80 

TC514410J/Z 

-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

c RC 

Random Read or Write Cycle Time 

150 

- 

180 

- 

ns 


tRMW 

Read-Modify-Write Cycle Time 

205 

- 

245 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

50 

- 

60 

- 

ns 


tpRMW 

Fast Page Mode Read-Modify-Write Cycle 
Time 

100 

- 

115 

- 

ns 


c RAC 

Access Time from RAS 

- 

80 

- 

100 

ns 

8,13 

tCAC 

Access Time from CAS 

- 

20 

- 

25 

ns 

8,13 

C AA 

Access Time from Column Address 

- 

40 

- 

50 

ns 

8,14 

c CPA 

Access Time from CAS Precharge 

- 

45 

- 

55 

ns 

8 

c CLZ 

CAS to Output in Low-Z 

0 

- 

0 

- 

ns 

8 

t OFF 

Output Buffer Turn-off Delay 

0 

20 

0 

20 

ns 

9 

t T 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

ns 

7 

t RP 

RAS Precharge Time 

60 

- 

70 

- 

ns 


tRAS 

RAS Pulse Width 

80 

10,000 

100 

10,000 

ns 


t RASP 

RAS Pulse Width (Fast Page Mode) 

80 

200,000 

100 

200,000 

ns 


t RSH 

RAS Hold Time 

20 

- 

25 

- 

ns | 

tCSH 

CAS Hold Time 

80 

- 

100 

- 

ns | 

tCAS i 

CAS Pulse Width 

20 

10,000 

25 

10,000 

ns j 

t RCD 

RAS to CAS Delay Time 

20 

60 

25 

75 

ns ! 13 

t RAD 

RAS to Column Address Delay Time 

15 

40 

20 

50 

ns | 14 

t CRP 

CAS to RAS Precharge Time 

5 

- 

10 

- 

ns 


t CP 

CAS Precharge Time 

10 

- 

10 

- 

ns 


t ASR 

Row Address Set-Up Time 

0 

- 

0 

- 

ns 


rt 

X 

Row Address Hold Time 

10 

- 

15 

- 

ns 


t ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

ns 


t CAH 

Column Address Hold Time 

15 

- 

20 

- 

ns 


t AR 

Column Address Hold Time referenced to 

RAS 

60 

- 

75 

- 

ns 


t RAL 

Column Address to RAS Lead Time 

40 

- 

50 

- 

ns 


c RCS 

Read Command Set-Up Time 

0 

- 

0 

- 

ns 


t RCH 

Read Command Hold Time 

0 

- 

0 

- 

ns 

10 

tRRH 

Read Command Hold Time referenced to RAS 

0 

- 

0 

- 

ns 

10 

t WCH 

Write Command Hold Time 

15 

- 

20 

- 

ns 


t WCR 

Write Command Hold Time referenced to RAS 

~60~ 

- 

75 

- 

ns 


t WP 

Write Command Pulse Width 

15 

- 

20 

- 

ns 
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TC514410J/Z-80. TC514410J/Z-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

TC514410J/Z 

-80 

TC514410J/Z 

-10 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

*■ RWL 

Write Command to RAS Lead Time 

20 

- 

25 

- 

ns 


t CWL 

Write Command to CAS Lead Time 

20 

- 

25 

- 

ns 


CDS 

Data Set-Up Time 

0 

- 

0 

- 

ns 

11 

C DH 

Data Hold Time 

15 

_ 

20 

_ 

ns 

11 

C DHR 

Data Hold Time referenced to RAS 

60 

- 

75 

- 

ns 


C REF 

Refresh Period 

- 

16 

- 

16 

ms 


twcs 

Write Command Set-Up Time 

0 

- 

0 


ns 

12 

tCWD 

CAS to WRITE Delay Time 

50 

- 

60 

- 

ns 

12 

C RWD 

RAS to WRITE Delay Time 

110 

- 

135 

- 

ns 

12 

fc AWD 

Column Address to WRITE Delay Time 

70 

_ 

85 

_ 

ns 

12 

t CSR 

CAS Set-Up Time (CAS before RAS Cycle) 

10 

- 

10 

- 

ns 


t CUR 

CAS Hold Time (CAS before RAS Cycle) 

30 

- 

30 

- 

ns 


tRPC 

RAS to CAS Precharge Time 

0 

- 

0 

- 

ns 


tCPT 

CAS Precharge Time 

(CAS before RAS Counter Test Cycle) 

40 

- 

50 

- 

ns 


tROH 

RAS Hold Time referenced to OE 

10 

- 

20 

- 

ns 


tOEA 

OE Access Time 

- 

20 


25 

ns 


tOED 

OE to Data Delay 

20 

- 

25 

- 

ns 


t OEZ 

Output Buffer Turn Off Delay Time from OE 

0 

20 

0 

20 

ns 


c OEH 

OE Command Hold Time 

20 

- 

25 

- 

ns 


t WBS 

Write Per Bit Set-Up Time 

0 

- 

0 

- 

ns 


tlvBH 

Write Per Bit Hold Time 

10 

- 

10 

- 

ns 


C WDS 

Write Per Bit Selection Set-Up Time 

0 

- 

0 

- 

ns 


C WDH 

Write Per Bit Selection Hold Time 

To 

- 

10 

- 

ns 


tWTS 

Write Command Set-Up Time (Test Mode In) 

10 

- 

10 

- 

ns 


t WTH 

Write Command Hold Time (Test Mode In) 

10 

- 

10 

- 

ns 


rt 

s: 

WRITE to RAS Precharge Time 
(CAS before RAS Cycle) 

10 

- 

10 

- 

ns 


t WRH 

WRITE to RAS Hold Time 
(CAS before RAS Cycle) 

10 

- 

10 

- 

ns 
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TC514410J/Z-80. TG514410J/M0 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(V CC =5V±10%, Ta=0^70°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

TC514410J/Z 

-80 

TC514410J/Z 

-10 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

c RC 

Random Read or Write Cycle Time 

155 

- 

185 

- 

ns 


tRMW 

Read-Modify-Write Cycle Time 

210 

- 

250 

- 

ns 


t PC 

Fast Page Mode Cycle Time 

55 

- 

65 

- 

ns 


tpRMW 

Fast Page Mode Read-Modify-Write Cycle 
Time 

105 

- 

120 

- 

ns 


t RAC 

Access Time from RAS 

- 

85 

- 

105 

ns 

8,13 

c CAC 

Access Time from CAS 

- 

25 

- 

30 

ns 

8,13 

*-AA 

Access Time from Column Address 

- 

45 

- 

55 

ns 

8,14 

*-CPA 

Access Time from CAS Precharge 

- 

50 

- 

60 

ns 

8 

*-RAS 

RAS Pulse Width 

85 

10,000 

105 

10,000 

ns 


C RASP 

RAS Pulse Width (Fast Page Mode) 

85 

200,000 

105 

200,000 

ns 


t RSH 

RAS Hold Time 

25 

- 

30 

- 

ns 


tCSH 

CAS Hold Time 

85 

- 

105 

- 

ns 


c CAS 

CAS Pulse Width 

25 

10,000 

30 

10,000 

ns 


tRAL 

Column Address to RAS Lead Time 

45 

- 

55! 

- 

ns 



CAS to WRITE Delay Time 

55 

- 

65! 

- 

ns 

12 

t Rl'JD 

RAS to WRITE Delay Time 

115 

- 

140 

- 

ns 

12 

C AWD 

Column Address to WRITE Delay Time 

75 

- 

90 : 

- 

ns 

12 

t OEA 

OE Access Time 

- 

25 

- 

30 

ns 


t OED 

OE to Data Delay 

25 

- 

30 

- 

ns 


c OEH 

OE Command Hold Time 

25 

- 

30 

- 

ns 



CAPACITANCE (Vcc=5V+10%, f=lMHz, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

i —i 
t—t 
CJ 

Input Capacitance (A0^A9) 

- 

5 

pF 

C I2 

Input Capacitance (RAS, CAS, WB/WRITE, OE) 

- 

7 

pF 

Co 

Input/Output Capacitance (Wl/101^ W4/I04) 

- 

7 

pF 
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TC514410J/Z-80, TC514410J/Z-10 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3- IcCl> 1CC3 > I CC4, ICC6 depend on cycle rate. 

4. IcCl ’ -^CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200 ps is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS Before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t>p=5 ns. 

7. Vjr (min.) and (max.) are reference levels for measuring timing of input 

signals. Also, transition times are measured between Vjr and Vjp. 

8. Measured with a load equivalent to 2 TTL loads and 100 pF. 

9. tQFF ( max *) anc * toEZ (max.) define the time at which the output achieves the 
open circuit condition and are not referenced to output voltage levels. 

10. Either tR^p or tRRR must be satisfied for a read, cycle. 

11. These parameters are referenced to CAS leading edge in early write cycles and 
to (WB/) WRITE leading edge in read-modify-write cycles. 

12. t RWD , tQyj) and t^wp) are not restrictive operating parameters. They are 
included in the data sheet as electrical characteristic only. If tycg^ty^g 
(min.) the cycle is an early write cycle and data out pin will remain open 
circuit (high impedance) through the entire cycle; If tRwp>tRWD (min.), 
tCWDrltCWD (min.) and tAWDiltAWD (min.), the cycle is a read-modify-write cycle 
and data out will contain data read from the selected cell: If neither of 
the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

13. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 
tRCD (max.) is specified as a reference point only: If tRCD is greater than 
the specified tR^p (max.) limit, then access time is controlled by t^AC* 

14. Operation within the tRAD (max.) limit insures that tRAc (max.) can be met. 
C RAD (max.) is specified as a reference point only: If tRAp is greater than 
the specified tRAp (max.) limit, then access time is controlled by tAA* 
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TC514410J/Z-80. TC514410J/Z-10 



WRITE CYCLE (EARLY WRITE) 


V IH ■ 
V ‘IL • 


"IH 


’ IL ' 


t ASR 


tRC 


tRAS 


r 


SH 


tRCD 


,t RAH 


tRSH 


tCAS 


tftAL 


ICAH 


1 RP 


k 


tCRP 


o 


fy jniMss lGTM r. address miJ], 


l WBS 


1 RAD, 


*WDH 


w/ '™ ite Z- ^MZK m 


OE 


V IH 

VlL 


"IL ‘ 


t-WCS 


t CWL 


twcn 


7MML 


— 

twp 


Mmmmiiiimiiiiim 

— 


twCR 

l RV 

VL 





1 

1 t DHI 

l 




t WDS i 

twn 

i 

s 

, t ' DH J 

7JJM 

r MASK 
p DATA-IN . 


AL1D DATA-IN 



Note: Dout = OPEN 


YJT\ : "H" or "L" 







TC514410J/Z-80. TC514410J/Z-10 


WRITE CYCLE (OE CONTROLLED WRITE) 

l RC 
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WB /WRITE 


OE 


W1/I01~W4/I0 4 














TC514410J/Z-80, TC514410J/Z-10 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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TC514410 J/Z-80, TC514410J/Z-10 



CAS BEFORE RAS REFRESH CYCLE 
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TC514410J/Z-80, TC51441OJ/Z-10 

HIDDEN REFRESH CYCLE (READ) 



$ Note: Dj^=OPEN 


77/1 : " H " ° r " L " 


A.OQQ _ 










TC514410J/Z-80, TC514410J/Z-10 






TEST MODE IN CYCLE 


TG514410J/Z-80, TC514410J/Z-10 



Note: D in , OE, A0^A9: "H" or "L" \/Jj\ : "H" or "L" 
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TC514410J/Z-80, TC514410J/Z-10 


CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC514410J/Z can be tested by CAS BEFORE 
RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the 
internal counter address as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initializa¬ 
tion cycles. The test procedure is as follows. 

(T) Write "0" into all the memory cells at normal write mode. 

(2) Select one certain column address and read ”0" out and write "1" in each cell 
by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE). 

Repeat this operation 1024 times. 

(3) Check "1" out of 1024 bits at normal read mode, which was written at (2) . 

(4) Using the same column as (2) , read "1" out and write ”0” in each cell perform¬ 
ing CAS BEFORE RAS REFRESH COUNTER TEST. Repeat this operation 1024 times. 

(5) Check "0 M out of 1024 bits at normal read mode, which was written at (4). 

(6) Perform the above (T) to (5) to the complement data. 
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TC514410J/Z-80, TC514410J/Z-10 


APPLICATION INFORMATION 
ADDRESSING 

The 20 address bits required to decode 1 of the 1,048,576 cell locations within 
the TC514410J/Z are multiplexed onto the 10 address inputs and latched into the 
on-chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row address Strobe (RAS), latches the 10 row address bits 
into the chip. The second clock, the Column Address Strobe (CAS), subsequently 
latches the 10 column address bits into the chip. Each of these signals, RAS and 
CAS triggers a sequence of events which are controlled by different delayed internal 
clocks. 

The two clock chains are linked together logically in such a way that the address 
multiplexing operation is done outside of the critical path timing sequence for read 
data access. The later events in the CAS clock sequence are inhibited until the 
occurrence of a delayed signal derived from the RAS clock chain. The ’’gated CAS” 
feature allows the CAS clock to be externally activated as soon as the Row Address 
Hole Time specification (t^^) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 

Data Inputs 

Write Cycle. A write cycle is performed by bringing (WB/)WE low during the 
RAS/CAS operation. The falling edge of CAS or (WB/)WE strobes data on (Wi)IOi into 
the on-chip data latch. To make use of the write-per-bit capability WB(/WE) must 
be low as RAS falls. In this case data bits to which the write operation is applied 
can be specified by keeping Wi(/I0i) high with set-up and hold times referenced to 
the RAS negative transition. 

For those data bits of Wi(/I0i) that are kept low as RAS tails the write operation 
is inhibited on the chip if WB(/WE) is high as RAS falls, the write-per-bit capa¬ 
bility does not work and the write operation is performed for all four data bits. 

Data Outputs 

The three-state output buffers provide direct TTL compatibility with a fan-out 
of two standard TTL loads. Data-out is the same polarity as data-in. The outputs 
are in the high-impedance state until CAS is brought low. In a read cycle the 
outputs go active after the access time interval tj^Q and tQg^ are satisfied. 

The outputs become valid after the access time has elapsed and remains valid 
while CAS and OE are low. CAS or OE going high returns it to a high impedance state. 
In an early-write cycle, the outputs are always in the high-impedance state. In a 
delayed-write or read-modify-write cycle, the outputs will follow the sequence for 
the read cycle. 

The OE controls the impedance of the output buffers. In the logic high position 
the buffers will remain in a high impedance state. 

When the OE input is brought to a logical low level, the output buffer are 

enabled._ Both CAS and OE can control the output. Thus in a read operation, either 

OE or CAS returning high forces the outputs into the high impedance state. 
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TG51441QJ/Z-80, TC514410J/Z-10 


RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle 
at each of the 1024 row address (AO n, A9) within each 16 millisecond time interval. 
Although any normal memory cycle will perform the refresh operation, this function 
is most easily accomplished with M RAS-only M cycles, RAS only refresh results in a 
substantial reduction in operating power. This reduction in power is reflected in 
the IcC3 specification. 

CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the TC514410J/Z offers an alternate 
refresh method. If CAS is held on low for the specified period (tcSR) before RAS 
goes to low, on chip refresh control clock generations and the refresh address 
counter are enabled, and an internal refresh operation tekes place. After the 
refresh operation is performed, the refresh address counter is automatically in¬ 
cremented in preparation for the next CAS before RAS refresh operation. 

PAGE MODE 

The "Page-Mode" feature of the TC514410J/Z allows for successive memory 
operations at multiple column locations of the same row address with increased speed 
without an increase in power. This is done by strobing the row address into the chip 
and maintaining the RAS signal at a logic 0 throughout all successive momory cycles 
in which the row address is common. This "Page Mode" of operation will not dissipate 
the power associated with the negative going edge of RAS. Also, the time required 
for strobing in a new address is eliminated, thereby decreasing the access and cycle 
times. 

HIDDEN REFRESH 

An optional feature of the TC514410J/Z is that refresh cycles may be performed 
while maintaining valid data at the output pin. This is referred to as Hidden Refresh. 
Hidden Refresh is performed by holding CAS at Vpp and taking RAS high and after a 
specified precharge period (t RP ), executing a CAS before RAS refresh cycle. 

(see Figure below) 



This feature allows a refresh cycle to be "Hidden" among data cycles without 
affecting the data availability. 
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TC51441OJ/Z-SO, TC514410J/Z-10 


TEST MODE 

The TC514410J/Z is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors 
in parallel and retrieved the same way. Aoc is not used. If, upon reading, two bits 
on one I/O pin are equal (all "l"s or "0"s), the I/O pin indicates a "1". 

If they were not equal, the I/O pin would indicate a "0". Fig. 1 shows the block 
diagram of TC514410J/Z. In "Test Mode", the 1M * 4 DRAM can be tested as if it 
were a 512K x 4 DRAM. 

"WRITE, CAS Before RAS Cycle (Test Mode in Cycle)" shown in Page 14 puts the 
device into "Test Mode". And "CAS Before RAS Refresh Cycle" or "RAS Only Refresh 
Cycle" puts it back into "Normal Mode". The "Test Mode" function reduces test 
times (1/2 in case of N test pattern). 
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TC514410J/Z-80, TC514410J/Z-10 


• Plastic ZIP 


Unit in mm 


2 6.3 MAX. I 3.0 MAX. 



1 3 5 7 9 11 13 15 17 19 



4 6 H 10 12 14 16 18 20 


Note: Package width and length do not include mold protrusion, allowable mold 
protrusion is 0.15mm. 
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TC514410J/Z-80, TC5144I0J/Z-10 


• Plastic SOJ 


Unit in mm 



1 2 3 4 5 9 10 11 12 13 



Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC521000P/J 


1 MBit ( 256 K x 4 ) Field Memory preliminary 

DESCRIPTION 1 

The TC521000P/J is a CMOS 1Mbit Field Memory organized as 256K words by 4 bits, and 
features separate inputs/outputs, each equipped with an 8 bit serial shift register (32K 
words x 8 bit shift register x 4 bits), and also features high speed operation with a 
clock rate of 33MHz (serial cycle time: 30ns). The TC521000P/J is a high speed serial 
read/write memory with a random access capability per 8 words, and is suitable for use 
in field/frame memory in digital TV, VCR and other video spplications which require 
improvements in picture quality and enhancements in performance. The TC521000P/J is 
fabricated using TOSHIBA'S CMOS silicon gate process technology as well as advanced 
circuitry to provide low power dissipation and wide operating margins. 


(features 


• High speed and low power 


Serial Access Time 

20ns 

Serial Read Cycle Time 

30ns 

Serial Write Cycle-Time 

30ns 

Read, Write Cycle Time 

190ns 

Read-Modify-Write Cycle Time 

240ns 

Read-Read-Write Cycle Time 

480ns 

Power Dissipation 

Operating Power 

550mW 

Standby Power 

HOmW 


• Organization: 32K wordx 8bit 

shift register * 4b±t 


PIN CONNECTION 


Voo c 
A 7 C 
Ad C 
A5 C 
A 4 C 
A3 C 
A2 C 
A] C 
AO C 

cs C 
NC C 
NC C 
WE C 13 
WS C 14 
Dll C 15 
DI2 C 16 
SIC C 17 
DOl C 18 
D02 C 19 
V ss C 20 




P v cc 

A8 
A9 
A10 
All 
A12 
A13 
A14 
CE 

RFSH 
NC 
NC 
SF 
RS 
DI4 


25 □ DI3 
24 □ SOC 
23 3 D04 
22 □ D03 
21 3 OE 


40-pin 600 mil DIP, 400 mil SOJ 


• Single 5V power supply: 5V±10% 

• On-chip 8bit shift registers 

• Separate inputs and outputs 

• Serial read/write, Read/Write, Read-Modify- 
Write, High Speed Read-Read-Write capability 

• Random Access Capability per 8 word 

• 8ms/512 refresh cycles 

• On-chip refresh counter 

• All inputs and outputs: TTL compatible 

• Package: 40 pin 600mils wide standard 

plastic DIP 


(pin names! 


SYMBOL 

NAME 

A0 ^ A14 

Address Input 

CE 

Chip Enable Input 

0E 

Output Enable Input 

WE 

Write Enable Input 

WS 

Write Strobe Input 

RS 

Read Strobe Input 

CS 

Chip Select Input 

SIC 

Serial Input Clock Input • 

SOC 

Serial Output Clock Input 

Dll ^ DI4 

Data Input 

DOl a, D04 

Data Output 

RFSH 

Refresh Control Input 

SF 

Special Function Input 

VCC 

Ground (5V) 

VSS 

Ground (0V) 

NC 

Non Connection 
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SIRn .... Serial Input Register WLn 
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TC521OOOP/J 


1 PIN NAMES AND FUNCTIONS! 


SYMBOL 

NAME 

FUNCTION 

AO v A8 

Row Address Inputs 

Row Addresses 

A9 ^ A14 

Column Address Inputs 

Column Addresses 

The A14 is a column LSB address and is controlled 

internally by SF signal. 

CE 

Chip Enable Input 

The falling edge of CE latches the AO^ A14 and CS. 

The read data is retained in Read Latch (RL), even 

if the CE" goes high. 

CS 

Chip Select Input 

The low CS forbid the memory cell access opera¬ 
tion, but allows the refresh operation. 

(CE ONLY REFRESH) 

RS 

Read Strobe Input 

The RS controls the transfer operation to Output 

Shift Register from Read Latch (RL). 

SF 

: 

Special Function 

The SF controls the column LSB A14 internally. 

WS 

Write Strobe Input 

The WS controls the transfer operation to Write 

Latch (WL) from Input Shift Register. 

WE 

Write Enable Input 

The WE controls the write operation into the 

memory cell. 

OE 

Output Enable Input 

The OE enables the DOl^ D04 output buffers. 




RFSH 

Refresh Control Input 

The RFSH controls the auto refresh operation. 

soc 

Serial Output Clock 

Input 

The SOC is a shift clock input to Output Shift 

Register. 

SIC 

Serial Input Clock 

Input 

The SIC is a shift clock input to Input Shift 

Register. 

DOl 'v, D04 

Data Outputs 

Serial Output Terminals. 

Dll^ DI4 

Data Inputs 

Serial Input Terminals. 


— B-5 — 














TC521000P/J 


ABSOLUTE MAXIMUM RATINGS (Note: 1) 


SYMBOL 

ITEM 

RATING 

UNITS 

NOTES 

v IN' v OUT 

Input • Output Voltage 

-la, 7 

V 

2 

V C C 

Power Supply Voltage 

-la, 7 

V 

2 

T opr 

Operating Temperature 

O'v* 70 

°c 


T stg 

Storage Temperature 

-55 a, 150 

°c 


^solder 

Soldering Temperature • Time 

260 • 10 

°C* sec 


Pd 

Power Dissipation 

1 

W 


Iqut 

Short Circuit Output Current 

50 

mA 



RECOMMENDED DC OPERATING CONDITIONS (Ta=0-v 70°C) 


SYMBOL 

PARAMETER 

MIN* 

TYP. 

MAX. 

UNITS 

NOTES 

Vec 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (VCO5V±10%, Ta=Q^7Q°C) 


SYMBOL 

PARAMETER 

MIN. 

(10) 

TYP. 

MAX. 

UNITS 

NOTES 

TCCI 

OPERATING CURRENT 

(CE, SIC, SOC Cycling: tc, tsiC, tSOC=min.) 

- 

65 

100 

mA 

3, 4 

I CC2 

STANDBY CURRENT 
(CE=0E=V ih , SIC=SOC=V il ) 

- 

3 

20 

mA 


X CC3 

REFRESH CURRENT 

(RFSH Cycling: tpc =t FC min.) 

- 

50 

100 

mA 

3 

UKL) 

INPUT LEAKAGE CURRENT (Except for Sf IMn) 

(OV S S 6.5V, All other pins not under test=0V) 

-10 

- 

10 

uA 


X I2(L) 

INPUT LEAKAGE CURRENT (SF Pin ONLY) 

(OVS Vin - 6.5V, All other pins not under test=0V) 

-50 

- 

50 

uA 


I 0(L) 

OUTPUT LEAKAGE CURRENT 

(0V 1 VoUT - Vcc» Output is disabled) 

-10 

- 

1 

i n 

yA 


V 0 H 

OUTPUT HIGH LEVEL VOLTAGE 
( I 0UT = “ 2mA ) 

2.4 

- 

- 

V 


V 0 L 

OUTPUT LOW LEVEL VOLTAGE 

(Iout = 2itiA ) 

- 

- 

0.4 

V 



CAPACITANCE (VCC=5V±10%, f=lMHz, Ta=Q^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

cn 

Input Capacitance (A0° J A14) 

- 

7 

pF 


C I2 

Input Capacitance 

(CE, CS, RS, WS, WE, OE, SF, RFSH, SIC, SOC) 

- 

7 

pF 


C I3 

Input Capacitance (Dll^ DI4) 

- 

7 

pF 


Co 

Output Capacitance (D0l^D04) 

- 

9 

pF 
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TC521000P/J 


AC ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5V±10%, Ta=0'v70°C) (Note: 5, 6, 7) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

tc 

Read, Write Cycle Time 

190 


ns 


C RMW 

Read-Modify-Write Cycle Time (=8x tgQC* t SIc) 

240 


ns 


fc RRW 

Read-Read-Write Cycle Time (=16x tgoc) 

480 


ns 


t CE 

. UE Pulse Width 

100 

2,000 

ns 


t P 

CE Precharge Time 

80 


ns 


tASC 

Address, CS Set-up Time 

0 


ns 


t AHC 

Address, CS Hold Time 

50 


ns 


tsoc 

Serial Output Cycle Time 

30 


ns 


tso 

SOC Low Pulse Width 

10 


ns 


tSOP 

SOC High Pulse Width 

10 


ns 


tSOA 

SOC Access Time 


20 

ns 

8 

tSOH 

SOC Output Data Hold Time 

5 


ns 


tsic 

Serial Input Cycle Time 

30 


ns 


t Sl 

SIC Low Pulse Width 

10 


ns 


t Sl P 

SIC High Pulse Width 

10 


ns 


t RCS 

Read Command Set-up Time 

0 


ns 


t RCH 

Read Command Hold Time 

0 


ns 


t CRD 

CE-RS Delay Time 

85 


ns 


tRS 

RS Pulse Width 

20 


ns 


t RCP 

RS-CE Precharge Time 

0 


ns 


tRSP 

RS Precharge Time 

30 


ns 


t SOS 

SOC-RS Set-up Time 

0 


ns 


z sov 

SOC-RS Hold Time 

15 


ns 


fc RSL 

SIC-RS Lead Time 

0 


ns 


t OE 

OE Pulse Width 

30 


ns 


t OEP 

OE Precharge Time 

30 


ns 


t OEA 

OE Access Time 


25 

ns 

8 

t OEZ 

OE Output Buffer Turn-off Delay Time 

j 0 

30 

ns 

9 

C RWD 

RS-WE Delay Time 

0 


ns 


t CWD 

CE-WE Delay Time (Read-Modify-Write Cycle) 

90 


ns 


t WHC 

WE Hold Time 

70 


l 

ns 


C WP 

WE Pulse Width 

30 


ns 


C CWL 

1 WE-CE Lead Time 

40 


ns 



















TC521000P/J 


(Continued) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

tSWE 

WS-WE Set-up Time 

20 


ns 

MB. 

c ws 

WS Pulse Width 

20 


ns 

■ 1 

tWSP 

WS Precharge Time 

30 


ns 



US Inhibit Time referenced to WE 

50 


ns 

Ml 


US Inhibit Time referenced to CE 

100 


ns 


tsiv 

SIC-WS Set-up Time 

5 


ns 



SIC-WS Hold Time 

10 


ns 



Data Input Set-up Time 

5 


ns 


C DH 

Data Input Hold Time 

5 


ns 


tSFS 

SF-CE Set-up Time 

0 


ns 



SF-CE Hold Time 

0 


ns 



SF-CE Lead Time (Read-Read-Write Cycle) 

50 





SOC-SF Hold Time (Read-Read-Write Cycle) 

20 


ns 


K11H 

Transition Time (Rise and Fall) 

3 


ns 


t REF 

Refresh Period 


8 

ms 


tFC 

Refresh Cycle Time 

190 

|_■ 

ns 



CE Precharge-RFSH Delay Time 

80 


ns 



RFSH Pulse Width 

100 

2,000 

ns 


t F p 

RFSH Precharge Time 

80 


ns 


t FSC 

RFSH Precharge-CE Delay Time 

80 


ns 



Note 

(1) Stress greater than those listed under "Absolute maximum ratings" may cause perma¬ 
nent damage to the device. 

(2) All voltages are referenced to Vgs* 

(3) led anc * ICC2 depend on cycle time. These values are specified at the condition 
of minimum cycle time. 

(4) Icci depends on output loading. Specified value is obtained with the output open. 

(5) An initial pause of 200ys is required after power up followed by 8 CE cycles be¬ 
fore proper device operation is achieved. In case of using auto refresh, a mini¬ 
mum of 8 RFSH cycle are required. 

(6) AC measurements assume t r f := 5ns. 

(7) ViyCmin.) and VjL(max.) are reference levels for measuring timing of input signals. 
Also transition times are measured between Vjh and VpL* 

(8) Output timings are measured with a load equivalent to 2 TTL load and 30pF. 

DquT comparate level: Voh/VoL = 2•OV/0.8V 

(9) toEz( max *) defines the time at which the output achieve the open state. 

(10) Typical values are at Ta=25°C and V CC=5,0V. 
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[ read-read-write cycle] 



Y/A Don’t Care 
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OPERATION INFORMATION] 

(1) READ/SERIAL READ CYCLE 

i) SERIAL READ CYCLE (Refer to Fig. 1, 2) 


fl1 The read address is latched at the falling edge of CE. The 8 bit data read 
out are transferred to and latched into the read latch (RL). 

[2~| The data latched at the RL are transferred to serial output register (SOR) at 
the first rising edge of SOC after the RS goes low. 


[31 The 8 bit data transferred to the SOR are shifted and output sequentially 
synchronized with SOC from the first rising edge of SOC after the RS falls. 



Fig.2 Timing Diagram 
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(2) WRITE/SERIAL WRITE CYCLE (Refer to Fig. 3, 4) 

E The 8 bit input data are latched into the 8 bit serial input register (SIR) 
sequentially synchronized with SIC. 

[~2~l The 8 bit input data latched into the SIR are transferred to the write latch 
(WL) at the falling edge of WS. 

E The write address is latched at the falling edge of CE, same as read opera¬ 
tion. Then the data stored in selected address to be written are read out 
and latched into the RL independent of this write operation, so the read data 
latched there can be read out through SOR by using RS and SOC (Read-Modify- 
Write). 

PH The 8 bit input data latched into the WL are written into the selected address 
location at the falling edge of WE. 

Fig.3 Block Diagram 



Fig.4 Timing Diagram 



ws 


0 


SIC 



S 


)GDCEDGDCI3CIXIDCX: 


•8 BIT DATA INPUT- 
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(3) READ-MODIFY-WRITE CYCLE 

This operation is to execute write just after read in one CE* cycle. 

(4) READ-READ-WRITE CYCLE (Special operation) (Refer to Fig. 5, 6) 

By using SF signal, three operations - the read operation for consecutive two 
address (16 bit data output) and write operation into the different address 
from read (8 bit data input) - can be performed asynchronously in two CE cycles 
(480ns). In this operation, the read start address must be even. This operation 
capability allows the field double scan in order to improve the picture quality 
in TV applications. 

m The read address (even) is latched at the falling edge of CE under the condition 
of SF=low. Then the 8 bit read out data are transferred to and latched into the 
RL. 

[ 2 ] The 8 bit data latched into the RL are transferred to SOR by the RS, and then the 
data latched into the SOR are shifted and output from the first rising edge of 
SOC after the RS falls. 

[ 3 ] Then when SF goes high, the LSB bit (A14) of coulumn addresses is changed to "1" 
from "O" automatically, and the data in the next column address are transferred 
to and latched into the RL. 

[~4~1 When the CE goes high, only memory cell array its peripheral area except for the 
latch and serial registers are placed in a precharge state. Then the data latched 
into the RL and SOR are maintained there, so the WS and RS can be input. 

1~5~1 On the other hand, the 8 bit input data are latched into the SIR sequentially 
synchronized with the SIC and then transferred to and latched into the WL by 
the WS. 

[~6~1 The write address is latched at the falling edge of CE, and then the data stored 
in the selected address is read out, but the data already latched into the RL 
are protected and retained there because of maintaining the SF ’’high’'. 

|T1 The 8 bit data latched into the RL (in [5]) are transferred to and latched into 
the SOR by the RS. 

[8] The 8 bit data latched into the WL (in [ 5 ]) are written into the selected cell 
locations by the WE. 
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TC521OOOP/J 


(5) REFRESH 

The TC521000P/J' s refresh period is 8ms/512 cycles. 

The two types of refresh operation—CE only refresh and RFSH auto refresh— 
are allowed. 

5-1: CE only refresh 

The refresh is accomplished by performing a CE cycle at each of the 512 
ow address (A0-A8) within each 8ms time interval. 

5-2: RFSH auto refresh 

The RFSH auto refresh is available on the TC521000P/J. When the RFSH 
goes low under the condition of CE=high, the on-chip refresh control 
clock generator and refresh address counters are enabled. Then, the 
refresh is accomplished by applying 512 clocks to the RFSH input within 
an 8ms time interval. 
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1 OUTLINE DRAWINGS] DIP40-P-600 

Unit in mm 



Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of 

their longitudinal position with respect to No.l and No.40 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC524256P/Z/J-10, TC524256P/Z/J-12 


DESCRIPTION 


The TC524256P/Z/J is a CMOS Multiport memory equipped with a 262,144-wordx 4 bit dynamic 
random access memory(RAM) port and a 512,-word x 4 bit static serial access memory(SAM) port. 
In addition to the conventional DRAM operation modes, the TC524256P/Z/J features a write- 
per-bit function on the RAM port; Bi-directional transfer capability between the DRAM mem¬ 
ory array and the SAM data register and a high speed serial read/write capability on the 
SAM port. The RAJ-1 port and the SAM port can be accessed independently except when data is 
being transferred between them internally. The TC524256P/Z/J is fabricated using TOSHIBA’S 
CMOS silicon gate process technology as well as advanced circuitry to provide low power 
dissipation and wide operating margin. Multiplexed address inputs and a common input/output 
organization allow the TC524256P/Z/J to be housed in a standard 28-pin, 400-mil wide plastic 
DIP and 400-mil height ZIP and in a standard 32-pin 400-mil wide plastic SOJ. System ori¬ 
ented features include a single 5V±10% power supply operation and compatibility with high 
performance schottky TTL logic. 


FEATURES 



ITEM 

TC 52 4 2 56 P/3/0 


-10 

-12 

tRAC 

RAS Access Time (Max.) 

100 ns 

120 ns 

l CAC 

CAS Access Time (Max.) 

50ns 

60ns 

1 RC 

Cycle Time (Min.) 

190ns 

220 ns 

tpc 

Page Mode Cycle Time(Min.) 

90ns 

105ns 

C SCA 

Serial Access Time (Max.) 

25ns 

35ns 

tscc 

Serial Cycle Time (Min.) 

30ns 

40ns 

I CC1 

RAM Operating Current 
(SAM: Standby) 

70mA 

60mA 

t CC2A 

SAJI Operating Current 
(RAM: Standby) 

50mA 

45mA 

!CC2 

RAM/SAM 

Standby Current 

10mA 


Organization 

RAM port: 262,144 wordsx 4 bits 
SAM port: 512 words x 4 bits 
Single power supply of 5V±10% with a built- 
in Vgg generator 

Read-Modify-Write, CAS before RAS refresh. 
Hidden refresh. Page mode, Write-Per-Bit, 
Read transfer. Write transfer. Serial 
read, Serial Write capability 
All inputs and outputs TTL compatible 
512 refresh cycle/8ms 
Package 

TC524256P: 0.4 inches 28 pins standard 
Plastic DIP 

TC524256Z: 0.4 inches 28 pins standard 
Plastic ZIP 

TC524256J: 0.4 inches 32 pins standard 
Plastic SOJ 


PIN NAMES 


A0 ^ A8 

Address Inputs 

RAS 

Row Address Strobe 

CAS 

Column Address Strobe 

DT/OE 

Data Transfer/Output 
Enable 

WB/WE 

Write Per Bit/Write 
Enable 

W1/I01 -M?4/I04 

Write Mask/Data IN, 

OUT 

SC 

Serial Clock 

SE 

Serial Enable 

SI01 % SI04 

Serial Input Output 

V CC 

Power (+5V) 

V SS 

Ground 

N.C. 

No Connection 


PIN CONNECTIONS 

Plastic DIP 


(TOP VIEW) 
Plastic ZIP 



Plastic SOJ 


N.C. [ 1 
SC[ 2 
STOIC 3 
SI02[4 
DTOEC 
W1/I01[ 
W2/I02C 

m/ml 

N.C. [ 
RAS[ 


A8011 


A6C 

A5[ 

A4[ 

V GC[ 

V CCt 


32jV ss 

31 ] V SS 
30 ] ST 04 
2S ] SI03 
28] 

27 ] m/104, 
26] W20B 
25] N.C. 
24] CAS 
23] N.C. 
22] A0 
21 ] A 1 
20] A 2 
IS] A3 
IE] A7 
17] N.C. 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNITS 

NOTES 

VlNt v OUT 

Input Output Voltage 

-1.0* 7.0 

V 

1 

v cc 

Power Supply Voltage 

-1.0* 7.0 

V 

1 

Topr 

Operating Temperature 

0* 70 

°C 

1 

T stg 

Storage Temperature 

-55* 150 

°C 

1 

t solder 

Soldering Temperature • Time 

260 • 10 

°C* sec 

1 

pd 

Power Dissipation 

1 

W 

1 

I OUT 

Short Circuit Output Current 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITION (Ta=0*70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

v cc 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0*70°C) 


SYMBOL 

ITEM (RAM Port) 

SAM 

Port 

TC524256P/ 

Z/J-10 

TC524256P/ 

Z/J-12 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

. MAX. 

I CC1 

OPERATING CURRENT 

(RAS, CAS Cycling: t R £=t R c MIN.) 

Standby 

- 

70 

- 

60 

mA 

3,4 

X CC1A 

Active 

- 

110 

- 

100 

3,4 

X CC2 

STANDBY CURRENT 
(RAS, CAS=V IH ) 

Standby 

- 

10 

- 

10 

mA 


I CC2A 

Active 


50 

- 

45 

3,4 

X CC3 

RAS ONLY REFRESH CURRENT 

(RAS Cycling, CAS=V IH : t RC =t RC MIN.) 

Standby 

- 

70 

- 

60 

mA 

3 

1 CC3A 

Active 

- 

110 

- 

100 

3,4 

I CC4 

PAGE MODE CURRENT 

(RAS=V il , CAS Cycling: t pc =t pc MIN.) 

Standby 

- 

60 

- 

50 

mA 

3,4 

X CC4A 

Active 

- 

100 

- 

90 

3,4 

I CC5 

CAS BEFORE RAS REFRESH CURRENT 
(CAS Before RAS Cycling: t R ^=t R ^MIN.) 

Standby 

- 

70 

- 

60 

mA 

3 

I CC5A 

Active 

- 

110 

- 

100 

3,4 

icc6 

IDATA TRANSFER CURRENT 
(RAS, CAS Cycling: t R c=t R c MIN.) 

Standby 

- 

80 

- 

75 

mA 

3 

X CC6A 

Active 

- 

130 

- 

120 

3,4 


SYMBOL 

ITEM 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

Ha) 

INPUT LEAKAGE CURRENT 

(0V£ V IN < 6.5V, All Other Pins Not Under Test=0V) 

-10 

0 

10 

yA 


M 

o 

r* 

OUTPUT LEAKAGE CURRENT 

(Output is disabled, 0V < Vqu-j- 1 5.5V) 

-10 

0 

10 

yA 


W 

o 

> 

OUTPUT HIGH LEVEL VOLTAGE 
(Wi/IOi, SlOi . IOUT““2mA) 

2.4 

- 

- 

V 


V 0 L 

OUTPUT LOW LEVEL VOLTAGE 

(Wi/IOi • • • • Iqut®^• 2mA, SICi ..... lQu»j'=+2inA) 

- 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vc C =5V+].0%, Ta=0^ 70°C) (NOTES 5, 6, 7) 


SYMBOL 

PARAMETER 

TC524256P/ 

Z/J-10 

TC524256P/ 

Z/J-12 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

C RC 

Random Read or Write Cycle Time 

190 


220 


ns 


fc RWC 

Read-Write Cycle Time 

250 


290 



c PC 

Page Mode Cycle Time 

90 


105 



tpRWC 

Page Mode Read-Write Cycle Time 

150 


175 



t RAC 

Access Time from RAS 


100 


120 

8,14 

C CAC 

Access Time from CAS 


50 


60 

-8,14 

tOFF 

Output Buffer Turn-Off Delay 

0 

30 

0 

35 

10 

t T 

Transition Time (Rise and Fall) 

3 

35 

3 

35 

7 

t RP 

RAS Precharge Time 

80 


90 



t RAS 

RAS Pulse Width 

100 

10,000 

120 

10,000 


tRSH 

RAS Hold Time 

50 


60 



t CSH 

CAS Hold Time 

100 


120 



t CAS 

CAS Pulse Width 

50 


60 



t RCD 

RAS to CAS Delay Time 

20 

50 

25 

60 


^CRP 

CAS to RAS Precharge Time 

10 


10 



t CPN 

CAS Precharge Time 

15 


20 



t CP 

CAS Precharge Time (Page Mode) 

30 


35 



Z ASR 

Row Address Set-Up Time 

0 


0 



t RAH 

Row Address Hold Time 

10 


15 

! 


t ASC 

Column Address Set-Up Time 

0 


0 



c CAH 

Column Address Hold Time 

20 


25 



C AR 

Column Address Hold Time referenced to RAS 

70 


1 85 



fc RCS 

Read Command Set-Up Time 

0 


0 



t RCH 

Read Command Hold Time 

0 


0 


11 

'■RRH 

Read Command Hold Time referenced to RAS 

10 


10 


11 

t WCH 

Write Command Hold Time 

20 


25 



tWCR 

Write Command Hold Time referenced to RAS 

70 


85 



fc WP 

Write Command Pulse Width 

20 


25 



t RWL 

Write Command to RAS Lead Time 

30 


35 



t CWL 

Write Command to CAS Lead Time 

30 


35 



t-DS 

Data Set-Up Time 

0 


0 


12 

fc DH 

Data Hold Time 

20 


1 25 


12 

t RASP 

RAS Pulse Width (Page Mode) 

1190 

100,OOC 

| 225 

100,000 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION (Continued) 


SYMBOL 

PARAMETER 

TC524256P/ 

Z/J-10 

TC524256P/ 

Z/J-12 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

t DHR 

Data Hold Time referenced to RAS 

70 


85 


ns 


t WCS 

Write Command Set-Up Time 

0 


0 


13 

t RWD 

RAS to WE Delay Time 

125 


150 


13 

t cm) 

CAS to WE Delay Time 

75 


90 


13 

t DZC 

Data to CAS Delay Time 

0 


0 



t DZO 

Data to OE Delay Time 

0 


0 



c OEA 

Access Time from OE 


25 


30 


tOEZ 

Output Buffer Turn-Off Delay from OE 

0 

20 

0 

25 

10 

c OED 

OE to Data Input Delay Time 

20 


25 



t OEH 

OE Command Hold Time 

20 


20 



t ROH 

RAS Hold Time referenced to OE 

20 


20 



t CSR 

CAS Set-Up Time for CAS Before RAS Cycle 

10 


10 



t CHR 

CAS Hold Time for CAS Before RAS Cycle 

20 


20 



t RPC 

RAS Precharge to CAS Active Time 

0 


0 



tCPT 

CAS Precharge Time for CAS Before RAS 

Counter Test 

40 


50 



t REF 

Refresh Period 


8 


8 

ms 


t WSR 

WB Set-Up Time 

0 


0 


ns 


t RWH 

WB Hold Time 

10 


15 



C MS 

Write-Per-Bit Mask Data Set-Up Time 

o 


o 



t MH 

Write-Per-Bit Mask Data Hold Time 

10 


i 15 



tTHS 

DT High Set-Up Time 

0 


0 



t THH 

DT High Hold Time 

10 


15 



C TLS 

DT Low Set-Up Time 

0 


0 



t TLH 

DT Low Hold Time 

10 


15 



*-RTH 

DT Low Hold Time referenced to RAS 
(Real Time Read Transfer) 

80 


95 



c CTH 

DT Low Hold Time referenced to CAS 
(Real Time Read Transfer) 

30 


35 



t ESR 

SE Set-Up Time referenced to RAS 

0 


0 



t REH 

SE Hold Time referenced to RAS 

10 


15 



C TRD 

DT to RAS Delay Time (Read Transfer) 

0 


0 



rt 

DT Precharge Time 

30 


35 



C RSD 

RAS to First SC Delay Time (Read Transfer) 

100 


120 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION 


SYMBOL 

PARAMETER 

TC524256P/ 

Z/J-10 

TC524256P/ 

Z/J-12 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

c CSD 

CAS to First SC Delay Time (Read Transfer) 

50 


60 




C TSL 

Last SC to DT Lead Time 

(Real Time Read Transfer) ! 

5 


10 



tTSD 

DT to Frist SC Delay Time (Read Transfer) 

15 


20 



t SRS 

Last SC to RAS Set-Up Time (Serial Input) 

30 


40 



t SRD 

RAS to First SC Delay Time (Serial Input) 

25 


30 



t SDD 

RAS to Serial Input Delay Time 

50 


60 



t SDZ 

Serial Output Buffer Trun-Off Delay Time 

R4S (Pseudo Write Transfer) 

10 

50 

10 

60 

10 

t SZS 

Serial Input to First SC Delay Time 

0 


0 



t scc 

SC Cycle Time 

30 


40 


ns 


C sc 

SC Pulse Width (SC High Time) 

10 


15 



tSCP 

SC Precharge Time (SC Low Time) 

10 


15 



t SCA 

Access Time from SC 


25 


35 

9 

t SOH 

Serial Output Hold Time from SC 

5 


5 



tSDS 

Serial Input Set-Up Time 

0 


0 



t SDH 

Serial Input Hold Time 

20 


30 



t SEA 

Access Time from SE 


25 


35 

9 

t SE 

SE Pulse Width 

25 


35 



tSEP 

SE Precharge Time 

25 


35 



tSEZ 

Serial Output Buffer Turn-Off Delay from SE 

0 

20 

0 

30 

10 

t SZE 

Serial Input to SE Delay Time 

0 


0 



tsws 

Serial Write Enable Set-Up Time 

5 


10 



t SEH 

Serial Write Enable Hold Time 

15 


20 



t SWIS 

Serial Write Disable Set-Up Time 

5 


10 



t SWIH 

Serial Write Disable Hold Time 

15 

1 

20 


; 


CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0'W0°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C I1 

Input Capacitance (A0^A8) 

- 

8 

pF 

C I2 

Input Capacitance (RAS, CAS, DT/OE, WB/WE, SC, SE) 

- 

8 

C I01 

Input/Output Capacitance (Wl/101^ W4/I04) 

- 

10 

C I02 

Input/Output Capacitance (SI01^SI04) 

- 

10 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. 

2. All voltages are referenced to V S s- 

3. These parameters depend on cycle rate. 

4. These parameters depend on output loading. Specified values are obtained with the 
output open. 

5. Power must be applied to the RAS and DT/OE input signals to pull them “high” before 
or at the same time as the VCC supply is turned on. After power-up, a pause of 200 
iuseconds minimum i s req uired with RAS and DT/OE held “high ” After the pause, a 
minimum of eight (8) RAS and (8) SC dummy cycles must be performed to stabilize 
the internal circuitry, before valid re ad, write or transfer operations can begin. During 
the initialization period, the DT/OE signal must be held “high.” If the internal refresh 
counter is used, a minimum (8) CAS-before-RAS initialization cycles are required 
instead of (8) RAS cycles. 

6. AC measurements assume tj=5ns. 

7. V|h (min.) and V iL (max.) are reference levels for measuring timing of input signals. 
Also, transition times are measured between V )H and V| L . 

8. RAM port outputs are measured with a load equivalent to 2 TTL loads and 10OpF. 

9. SAM port outputs are measured with a load equivalent to 2 TTL loadsand 30pF. Dout 
comparator level: Voh/ v ol =2 - 0V /0.8V. 

10. toFF (max), toEZ (max), tgpz (max) and tsEZ (max) define the time at which the 
outputs achieve the open circuit condition and are not referenced to output voltage 
levels. 

11. Either tRQH or tR RH must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge of early write cycles and to 
WB/WE leading edge in read-write cycles. 

13. twcs* tRWD sod *cwd are not restrictive operating parameters. They are included in 
the data sheet as electrical characteristics only. If twcs = *wcs (min.), the cycle is an 
early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tRWD=tRWD (min.) and tcwD ^ tcwD (min.), the cycle is a 
read-write cycle and the data out will contain data read from the selected cell: If 
neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

14. Operation within the tRCD (max) limit insures that tRAc (max) can be met. tRCD (max.) 
is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 
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DEVICE INFORMATION 


RAM PORT OPERATION 


Operation Truth Table 

All operation modes of TC524256P/Z/J are determined by CAS, DT/OE, WB/WE, and SE 
at the falling edge of RAS. They are shown in the following table 1. 


RAS 

CAS 

ADDRESS 

DT/OE 

WB/WE 

SE 

FUNCTION 

H 

H 

* 

* 

* 

* 

Standby 


H 

Valid 

H —L 

H 

* 

Read 


H 

Valid 

H 

H-L 

* 

Write 


H 

Valid(Row add.) 

H 

* 

* 

RAS only refresh 

~L 

L 

* 

H(l) 

* 

* 

CAS-before-RAS Refresh 

H 

Valid 

H 

L 

* 

Write-per-Bit 


H 

Valid 

L 

H 

* 

Read Transfer 


H 

Valid 

L 

L 

L 

Write Transfer 


H 

Valid 

L 

L 

H 

Pseudo-Write Transfer 


Note; H: V IH , L: V IL , *: V IH or V IL 


(1) The input level of DT/OE in the CAS before RAS timing is not ristricted. 
However it is recommended that DT/OE be held 'High 1 because this input 
will be used for future expansion of the operation mode. 


ADDRESSING 

The 18 address bits required to decode 4-bits of the 1,048,576 cell locations 
within the Dynamic RAM memory array of the TC524256P/Z/J, are multiplexed onto 9 ad¬ 
dress input pins (A0^A8). Nine row-address bits are latched on the falling edge 
of the row address strobe (RAS) and the following nine column address bits are 
latched on the falling edge of the column address strobe (CAS). 


DATA TRANSFER/OUTPUT ENABLE (DT/OE) 


The DT/OE input is a multifunction pin. When DT/OE is ’High 1 at the falling 
edge of RAS, a normal DRAM cycle is performed and this input is used as an output 
enable. When DT/OE is ’Low’ at the falling edge of RAS, a data transfer operation 
is started between the RAM port and the SAM port. 
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WRITE-PER-BIT/WRITE-ENABLE (WB/WE) 

The WB/WE input is also a multifunction pin. For conventional DRAM cycle, the 
WB/WE input is used in the same manner as standard DRAMs except when the write-per- 
bit function is used. When WB/WE is ’low’ at the falling edge of RAS, the bit write- 
mask is enabled. When WB/WE and CAS are ’low’ at the falling edge of RAS, the raster 
operation set-up cycle is executed. 

The WB/WE input also determines the direction of data transfer between the DRAM 
memory array and the serial register. When WB/WE is 'high' at the falling edge of 
RAS, the data is transferred from RAM to SAM (read-transfer cycle). When WB/WE is 
’low 1 at the falling edge of RAS, the data is transferred from SAM to RAM (write- 
transfer cycle). 


WRITE-MASK DATA/DATA INPUT/QUTPUT (W1/I01 to W4/I04) 


When the write-per-bit function is enabled, the mask data on the W1/I01 pins is 
latched into the write-mask register WM1 at the falling edge of RAS. Data is written 
into the DRAM on data lines where the write-mask data is a logic T l f . Writing is 
inhibited on data lines where the write-mask data is a logic ’O’. The write-mask 
data is valid for only one cycle. 


PAGE MODE 

The page mode feature of the TC524256P/Z/J allows data to be transferred into of 
multiple column locations of the same row by having multiple column cycles during a 
single active RAS cycle. 

For the initial page mode access, the output data is valid after the specified 
access time from RAS. For all subsequent page mode read operations, the output data 
is valid after the specified access time from CAS. As a result, page mode operation 
reduces power dissipation and improves data access time. 

When the write-per-bit function is enabled, the mask data specified in the first 
write operation, at the falling edge of RAS, is maintained throughout the page mode 
write cycle. 


RAS-ONLY REFRESH 


The data in the DRAM cycle requires periodic refreshing to prevent data loss. 
Refreshing is accomplished by performing a memory cycle at each of the 512 rows in 
the DRAM array within the specified 8ms refresh period. Although any normal memory 
cycle will perform the refresh operation, this function is most easily accomplished 
with ’RAS-ONLY 1 cycles. 
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CAS-BEFORE-RAS REFRESH 

The TC524256P/Z/J also offers an internal refresh function. Whe CAS in held 
T low’ for a specified period (t^g^) before RAS goes low, an internal refresh address 
counter and on-chip refresh control clock generators are enabled and an internal re¬ 
fresh operation takes place. When the refresh operation is completed, the internal 
refresh address counter is automatically incremented in preparation for the next CAS- 
before-RAS cycle. For successive CAS-before-RAS refresh cycles, CAS can remain low 
while cycling RAS. 


HIDDEN REFRESH 


A hidden refresh is a CAS-before-RAS refresh performed by holding CAS T low* 
from a previous read cycle. This allows for the output data from the previous memory 
cycle to remain valid while performing a refresh. The internal refresh address 
counter provides the address and the refresh is accomplished by cycling RAS after the 
specified RAS-precharge period (refer to figure 1). 


Figure 1: Hidden refresh cycle 
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WRITE-PER-BIT FUNCTION 

The write-per-bit function selectively controls the internal write-enable cir¬ 
cuits of the RAM port. When WB/WE is held ’low 1 at the falling edge of RAS, during 
a random access operation, the write-mask is enabled. At the same time, the mask 
data on the Wi/lOi pins is latched onto the write-mask register (WM1). When a ’0’ 
is sensed on any of the Wi/IOi pins, their corresponding write circuits are disabled 
and new data will not be written. 

When a ’l f is sensed on any of the Wi/IOi pins, their corresponding write cir¬ 
cuits will remain enabled so that new data is written. The truth table of the write- 
per-bit function is shown in table 2. 


Table 2: Truth table for write-per-bit function 



An example of the write-per-bit function illustrating its application to dis¬ 
plays is shown in figures 2 and 3. 


Figure 2: Write-per-bit timing cycle Figure 3: Corresponding bit-map 
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TRANSFER OPERATION 

The TC524256P/Z/J features bi-directional transfer capability form RAM to SAM and 
from SAM to RAM. A transfer consists of loading 512 words by 4-bits of data from 
one port into the other. During a transfer cycle, RAM port and SAM port operations 
are restricted. 

There are three types of transfer operations: read transfer, write transfer 
and pseudo-write transfer. As shown in table 3, the type of transfer operation is 
determined by CAS, DT/OE, Wl/WE and SE at the falling edge of RAS. 


Table 3: Truth table of transfer operation 


At the falling edge of RAS 


Transfer 

direction 

CAS 

DT/OE 

WB/WE 

SE 

H 

L 

H 

* 

Read/real-time read transfer cycle 

RAM -> SAM 

H 

L 

L 

L 

Write-transfer cycle 

SAM -*• RAM 

H 

L 

L 

H 

Pseudo-write transfer cycle 

- 


*: high or low 


READ-TRANSFER CYCLE 

A read-transfer consists of loading a selected row of data from the RAM array 
into the SAM register. A read-transfer is accomplished by holding CAS high, DT/OE 
low and WB/WE hi gh at the falling edge of RAS. The row address selected at the 
falling edge of RAS determines the RAM row to be transferred into the SAM. 

The actual data transfer completed at the rising edge of DT/OE. 

When the transfer is completed, the SIO lines are set into the output mode. 

In a read/real-time read-transfer cycle, the transfer of a new row of data is com¬ 
pleted at the rising edge of DT/OE and becomes valid on the SIO lines after the speci¬ 
fied access time tg^ from the rising edge of the subsequent serial clock(SC) cycle. 

The start address of the serial poi nte r of the SAM is determined by the column 
address selected at the falling edge of CAS. (refer to figure 4). 

Figure 4: Block diagram of RAM port and SAM port during read transfer 
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In a read-transfer cycle (which is preceded by a write-transfer cycle), the SC 
clock must be held at a constant Vjl or Vjp, after the SC precharge time has been 
satisfied. A rising edge of the SC clock must not occur until after the specified 
delay t-psD from the rising edge of DT/OE (refer to Figure 5). 

Figure 5: Read-transfer cycle (preceded by a write-transfer cycle) 



In a real-time read-transfer cycle (which is preceded by another read-transfer 
cycle), the previous row data appears on the SIO lines until the specified tg^ 
access time from the same rising edge of SC. 

This feature allows for the first bit of the new row of data to appear on the 
serial output as soon as the last bit of the previous row has been strobed, without 
any^timing loss. To make this continuous data flow possible: the rising edge of 
DT/OE must be synchronized with RAS, CAS and the subsequent rising edge of SC (refer 
to Figure 6). 

Figure 6: Real-time read transfer cycle 



Brevious ROW New ROW 
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WRITE-TRANSFER CYCLE 

A write-transfer cycle consists of loading the content of the SAM data register 
into a selected row or the RAM array. A write-transfer is accomplished by CAS high, 
DT/OE low, W/WE" low and SIE low at the falling edge of RAS. The row address selected 
at the falling edge of RAS determines the RAM row address into which the data will be 
transferred. The column address selected at the falling edge of CAS determines the 
start address of the serial pointer of the SAM. After the write-transfer is com¬ 
pleted, the SIO lines are in the input mode so that serial data synchronized with SC 
can be loaded. 

When two consecutive write-transfer operations are performed, there is a delay 
in availability between the last bit of the previous row and the first bit of the new 
row. Consequently the SC clock must be held at a constant Vj L or Vjjj after the SC 
precharge time tg^ has seen satisfied, a rising edge of the SC clock until after a 
specified delay tg^ from the rising edge of RAS (refer to figure 7). 

Figure 7: Write-transfer cycle 


RAS 



OOQoqoQOOOOOOOOOOOOOOQOOOOOOOOO 
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PSEUDO-WRITE-TRANSFER CYCLE 

The pseudo-write-transfer cycle switches SIO lines from serial output mode to 
serial input mode. A pseudo-write-transfer is accomplished by holding CAS high, 
DT/OE low, WB/WE low and "SE high at the falling edge of RAS. The pseudo-write- 
transfer cycle must be performed after a read-transfer cycle if the subsequent 
operation is a write-transfer cycle. 

There is a timing delay associated with the switching of the SIO lines from 
serisl output mode to serial input mode. During this period, the SC clock must be 
held at a constant Vjl or Vjh after the t$C precharge time has been satisfied. A 
rising edge of the SC cl ock must not occur until after the specified delay tgRD 
from the rising edge of RAS (refer to Figure 8). 

Figure 8: Pseudo-write-transfer cycle 


RAS 



- B-35 - 



TC524256P/Z/J-10, TC524256P/Z/J-12 


SAM PORT OPERATION 


The TC524256P/Z/J is provided with a 512-word by 4-bit serial access memory(SAIl) 
High-speed read and write operation may be performed through the SAM port independent 
of the RAM port operations, except during transfer operations. The preceding trans¬ 
fer operation determines the direction of data flow through the SAM registers. 

Data may be read out of the SAM port after a read-transfer cycle (RAM->SAM) has 
been performed. Data can be shifted out of the SAM port starting at any of the 512- 
bit locations. This tap location corresponds to the column address selected a the 
falling edge of CAS during the read-transfer cycle. The SAM registers are con¬ 
figured as circular data registers. The data is shifted out sequentially starting 
from the selected tap location to the most significant bit and then wraps around to 
the least significant bit. 


Cl 



Tap location determined by 
column address of read- 
transfer cycle. 


Subsequent real-time-read-transfer may be performed on-the-fly as many times 
as desired within the refresh constrainst of the DRAM memory array. 

A pseudo-write-transfer cycle must be performed in order to write data into the 
SAM port. This cycle switches the SAM port operation from output mode to input mode. 
Data is not transferred during a pseudo-write-transfer cycle. A write-transfer cycle 
(SAM RAM) may then be performed. The data in the SAM regi ste rs is loaded into the 
RAM row selected by the row address at the falling edge of RAS. The start address of 
SAM registers is determined by the column address selected at the falling edge of CAS 


Table 4: Truth table for SAM operation 


Preceding 

Transfer 

Cycle 

SAM port 
operation 

DT/OE (at the 
falling edge 
of RAS) 

SC 

SE 

Function 

read- 

serial 

output 

mode 


JT 

L 

enable serial read 

transfer 

H* 

H 

disable serial read 

write- 

serial 

input 

mode 

11 

L 

enable serial write 

transfer 


H 

disable serial write 


* When simultaneous operation are being performed on the RAM port and the SAM port, 
DT/OE must be held high at the falling edge of RAS so as not to perform a false 
transfer cycle. 
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SERIAL CLOCK (SC) 


All operations of the SAM port are synchronized with the serial clock SC. Data 
is shifted in or out of the SAM registers at the rising edge of SC. In a serial- 
read, the output data becomes valid on the SIO pins after the maximum specified 
serial access time tg^ from the rising edge of SC. 

The serial clock SC also increments the 9-bit serial pointer which is used to 
select the SAM address. The pointer address is incremented in.a wrap-around mode to 
select sequential locations after the starting location which is determined by the 
column address in the read-transfer cycle. When the pointer reaches the most signifi¬ 
cant address location (decimal 511), the next SC clock will place it at the least 
significant address location (decimal 0). 


SERIAL ENABLE (SE) 

The SE input is used to enable serial access operation. In a serial-read cycle, 
SE is used as an output control. In a serial-write cycle, SE is used as a write 
enable control. When SE is high, serial access is disabled, however, the serial ad¬ 
dress pointer location is still incremented when SC is clocked even when SE is high. 


SERIAL INPUT/OUTPUT (S101^ SI04) 

Serial input and serial output share common I/O pins. Serial input or output 
mode is determined by the most recent transfer cycle. When a read-transfer cycle is 
performed, the SAM port is in the output mode. When a pseudo-write cycle is per¬ 
formed, the SAM port operation is switched from output mode to input mode. 

During subsequent write-transfer cycle, the SAM port remains in the input mode. 


REFRESH 

The SAM data registers are static flip-flops therfore a refresh is not required. 
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TIMING WAVEFORMS 


READ CYCLE 


RAS 


CAS 


A0-A8 




12 



Don't Care 
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PAGE MODE READ CYCLE 
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- OPEN - 


wm Don’t Care 
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PAGE MODE READ-MODIFY-WRITE CYCLE 



VALID VALID VALID 

DATA-OUT DATA-OUT DATA-OUT 


Don’t Care 
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RAS ONLY REFRESH CYCLE 



W1/I01 Vqh - 

l - 0PEN 

W4/I04 V OL - 


M3 Don,t Care 
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HIDDEN REFRESH CYCLE 



Don,t Care 
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REAL TIME READ TRANSFER CYCLE 



Note: SE=V IL Don’t Care 
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OUTLINE DRAWINGS 

• Plastic DIP 


Unit in mm 




Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position 
with respect to No.l and No.28 leads. 

All dimensions are in millimeters. 
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• Plastic ZIP 


Unit in mm 




2 4 6 a 10 12 14 16 18 20 22 24 26 28 


3.05MAX. 


+ai 

d25-a05 


ZIP28P-400 


Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
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Plastic SOJ 


Unit in mm 



a 3 ±0.3 











TOSHIBA MOS MEMORY PRODUCTS 

TC524257P/Z/J-10, TC524257P/Z/J-12 


DESCRIPTION 


The TC524257P/Z/J is a CMOS Multiport memory equipped with a 262,144-wordx 4 bit dynamic 
random access memory(RAM) port and a 512-wordx 4 bit static serial access memory(SAM) port. 
In addition to the conventional DRAM operation modes, the TC524257P/Z/J features a logic 
function and a write-per-bit function on the RAM port; Bi-directional transfer capability 
between the DRAM memory array and the SAM data register and a high speed serial read/write 
capability on the SAM port. The RAM port and the SAM port can be accessed independently ex¬ 
cept when data is being transferred between them internally. The TC524257P/Z/J is fabri¬ 
cated using TOSHIBA'S CMOS silicon gate process technology as well as advanced circuitry to 
provide low power dissipation and wide operating margin. Multiplexed address inputs and a 
common input/output organization allow the TC524257P/Z/J to be housed in a standard 28-pin, 
400-mil wide plastic DIP and 400-mil height ZIP, and in a standard 32-pin 400-mil wide 
plastic SOJ. System oriented features include a single 5V±10% power supply operation and 
compatibility with high performance schottky TTL logic. 


FEATURES 


ITEM 

TC524257F/2/J 

-10 

-12 

tRAC 

RAS Access Time (Max.) 

100ns 

120ns 

tCAC 

CAS A.c cess Time (Max.) 

50ns 

60ns 

tRC 

Cycle Time (Min.) 

190ns 

220ns 

tpc 

Page Mode Cycle Time(Min.) 

90ns 

105ns 

t SCA 

Serial Access Time (Max.) 

25ns 

35ns 

t SCC 

Serial Cycle Time (Min.) 

30ns 

40ns 

I CC1 

RAM Operating Current 
(SAM: Standby) 

70mA 

60mA 

I(X2A 

SAM Operating Current 
(RAM: Standby) 

50mA 

45mA. 

ICC2 

RAM/SAM 

Standby Current 

10mA 


Organization 

RAM port: 262,144 words x 4 bits 
SAM port: 512 wordsx 4 bits 
Single power supply of 5V±10% with a built 
in Vgg generator 

Read-Modifv-Write, CAS before RAS refresh. 
Hidden refresh, Page mode, Write-Per-Bit, 
Raster operation, Read transfer, Write 
transfer, Serial read, Serial Write 
capability. 

All inputs and outputs TTL compatible 

512 refresh cycle/Gms 

Package 

TC524257P: 0.4 inches 28 pins standard 
Plastic DIP 

TC524257Z: 0.4 inches 28 pins standard 
Plastic ZIP 

TC524257J: 0.4 inches 32 pins standard 
Plastic SOJ 


PIN NAMES 


A0 ^ A8 

Address Inputs 

RAS 

Row Address Strobe 

CAS 

Column Address Strobe 

DT/OE 

Data Transfer/Output 
Enable 

WB/WE 

Write Per Bit/W T rite 
Enable 

W1/I01 MM/104 

Write Mask/Data IN, 

OUT 

SC 

Serial Clock 

SE 

Serial Enable 

SI01% SI04 

Serial Input Output 

Ac 

Power (+5V) 

Vss 

Ground 

N.C. 

No Connection 


PIN CONNECTION 
Plastic DIP 
sciflHavss 

27 R SI04 


(TOP VIEW) 

Plastic ZIP 


A5 C 
441 


26 
25 
24 

23JW3/I03 


SI01[2 
SI02[3 
DT/OEt 4 
Wl/IOlC 5 
W2MT02[6 

Wb/ 'Wec 7 
N.C. [ 8 
RAS [ 9 
A8t 

A6 C II 18b A1 


3 SI 03 
3SE 

] W4 /I 04 


12 17 ] A2 

13 16 3 A3 

14 15 ] A7 


3 N.C. 
3 CAS 


9 20 3 N.C. 

10 19 3 A0 


N.C. 
W4/104 
SI03 
V SS 
SI01 
DT/0£j 
W2/I 02 
N.C, 
A8 
A5 


A3p] 


A1 

N.C. 


W3/I03 

SE 

SI04 

SC 

SI02 

Wl/IOl 

WB/WE 

RAS 

AS 

A4 

A7 

A2 

A0 

CAS 


Plastic SOJ 


N.C. 

SC 
SI01[ 
SI02[ 
Df/OEC 
W1/I01C 
W2/I02C 
WB/WEt 
N.C. £ 
RAS[ 
A8£ 

A6[ 
A5£ 
A4[ 
V 

Vccri 


qi 


Vss 

q2 3lh V S S 

3 30 3 SI 04 

4 29(3 SI03 
SE 


28 3 
27 3 
26 3 
25 3 
24 3 
233 
22 3 
213 
20 3 
19 3 
18 3 
173 


W4/I04 

W3/I03 

N.C. 

CAS 

N.C. 

AO 

Al 

A2 

A3 

A7 

N.C. 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL 

item 

RATING 

UNITS 

NOTES 

V IN v OUT 

Input Output Voltage 

-1.0'v, 7.0 

v 

1 

V CC 

Power Supply Voltage 

-1.0'v, 7.0 

V 

1 

^opr 

Operating Temperature 

O'v 70 

°c 

1 

T stg 

Storage Temperature 

-55 ^ 150 

°c 

1 

t SOLDER 

Soldering Temperature • Time 

260 • 10 

°C*sec 

1 

PD 

Power Dissipation 

1 

W 

1 

Pout 

Short Circuit Output Current 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITION (Ta=0'WO°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

VCC 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

00 

o 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0%70°C) 


SYMBOL 

ITEM (RAM Port) 

SAM 

Port 

TC524257P/ 

Z/J-10 

TC524257P/ 

Z/J-12 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

] CC1 

OPERATING CURRENT 

(RAS, CAS Cycling: tRC^RC MIN.) 

Standby 

- 

70 

- 

60 

mA 

3,4 

PCCIA 

Active 

- 

110 

- 

100 

3,4 

X CC2 

STANDBY CURRENT 
(RAS, CAS=V IH ) 

Standby 

- 

10 

- 

10 

mA 


1 CC2A 

Active 

- 

50 

- 

45 

3,4 

X CC3 

RAS ONLY REFRESH CURRENT 

(RAS Cycling, CAS=V IH : t R c=tp vC MIN.) 

Standby 

- 

70 

- 

60 

mA 

3 

X CC3A 

Active 

- 

no 

- 

100 

3,4 

T CC4 

PAGE MODE CURRENT 

(RAS=V IL , CAS Cycling: t PC =t PC MIN.) 

Standby 

- 

60 

- 

50 

mA 

3,4 

X CC4A 

Active 

- 

ICO 

- 

90 

3,4 

t CC5 1 

iCAS BEFORE RAS REFRESH CURRENT 
(LAS’ Before RAS Cycling: t R c“t R c MIN.) 

Stadnby 

- 

70 

- 

60 

1 mA 

3 

I CC5A 

Active 

- 

no 

- 

100 

3,4 

--CC6 1 

DATA TRANSFER CURRENT 

(RAS, CAS Cycling: t R c~tRC MIN.) 

Standby 

- 

80 

- 

75 

mA 

3 

Vc6A 

Active 

- 

130 

- 

120 



SYMBOL 

ITEM 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

n a) 

INPUT LEAKAGE CURRENT 

(OVi Vin^ 6.5V, All Other Pins Not Under Test-OV) 

-10 

0 

10 

yA 


I 0(L) 

OUTPUT LEAKAGE CURRENT 

(Output is disabled, 0V - v 0UT - 5.5V) 

-10 

0 

10 

yA 


v OH 

OUTPUT HIGH LEVEL VOLTAGE 
(Wi/IOi, SlOi_ I OUn-2irA) 

2.4 

- 

- 

V 


V 0 L 

OUTPUT LOW LEVEL VOLTAGE 

(Wi/IOi .... IoUT = ^ * 2mA , SI )i .... loUT^^mA) 

- 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5V±10%, Ta=0^70°C) (NOTES 5, 6, 7) 



PARAMETER 

TC524257P/ 

Z/J-10 

TC524257F/ 

Z/J-12 

UNIT 

NOTES 



MIN. 

MAX. 

MIN. 

MAX. 



tRC 

Random Read or Write Cycle Time 

190 


220 




tRWC 

Read-Write Cycle Time 

250 


290 




tpc 

Page Mode Cycle Time 

90 


105 




tpRWC 

Page Mode Read-Write Cycle Time 

150 


175 




fc RAC 

Access Time from RAS 


100 


120 


8,14 

t CAC 

Access Time from CAS 


50 


60 


8,14 

tOFF 

Output Buffer Turn-Off Delay 

0 

30 

0 

35 


10 

Jl _, 

Transition Time (Rise and Fall) 

3 

35 

3 

35 


7 

rt 

RAS Precharge Time 

80 


90 




t RAS 

RAS Pulse Width 

100 

10,000 

120 

10,000 



tRSH 

RAS Hold Time 

50 


60 




t CSH 

CAS Hold Time 

100 


120 




tCAS 

CAS* Pulse Width 

50 


60 




tRCD 

RAS to CAS Delay Time 

20 

50 

25 

60 



t CRP 

CAS to RAS Precharge Time 

10 


10 




tCPN 

CAS Precharge Time 

15 


20 


ns 


t cp 

CAS Precharge Time (Page Mode) 

30 


35 




t ASR 

Row Address Set-Up Time 

0 


0 




t RAH 

Row Address Hold Time 

10 


15 




t ASC 

Column Address Set-Up Time 

0 


0 




t CAH 

Column Address Hold Time 

20 


25 




t AR 

Column Address Hold Time referenced to RAS 

70 


85 




tRCS 

Read Command Set-Up Time 

0 


0 




tRCH 

Read Command Hold Time 

0 


0 



11 

t RRH 

Read Command Hold Time referenced to RAS 

10 


! io 



11 

tWCH 

Write Command Hold Time 

20 


25 




t WCR 

Write Command Hold Time referenced to RAS 

70 


85 




twp 

Write Command Pulse Width 

20 


25 




l rwl 

Write Command to RAS Lead Time 

30 


35 




tCWL 

Write Command to CAS Lead Time 

30 


35 




£ ds 

Data Set-Up Time 

0 


0 



12 

t DH 

Data Hold Time 

20 


25 



12 

tRASP 

RAS Pulse Width (Page Mode) 

190 

100,000 

225 

100,000 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION (Continued) 


SYMBOL 

PARAMETER 

TC524257F/ 

Z/J-10 

TC524257P/ 

Z/J-12 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

tDHR 

Data Hold Time referenced to RAS 

70 


85 


ns 


z wcs 

Write Command Set-Up Time 

0 


0 


13 

t RWD 

RAS to WE Delay Time 

125 


150 


13 

t CWD 

CAS to WE Delay Time 

75 


90 


13 

t DZC 

Data to CAS Delay Time 

0 


0 



l dzo 

Data to OE Delay Time 

0 


0 



t OEA 

Access Time from OE 


25 


30 


t OEZ 

Output Buffer Turn-Off Delay from OE 

0 

20 

0 

25 

10 

t OED 

OE to Data Input Delay Time 

20 


25 



t OEH 

OE Command Hold Time 

20 


20 



t ROH 

RAS Hold Time referenced to OE 

20 


20 



t CSR 

CAS Set-Up Time for CAS Before RAS Cycle 

10 


10 



C CHR 

CAS Hold Time for CAS Before RAS Cycle 

20 


20 



tRPC 

RAS Precharge to CAS Active Time 

0 


0 



t CPT 

CAS Precharge Time for CAS Before RAS Counter 
Test 

40 


50 



C REF 

Refresh Period 


8 


8 

ms 


t WSR 

WB Set-Up Time 

0 


0 


ns 


t RWH 

WB Hold Time 

10 


15 



tMS 

Write-Per-Bit Mask Data Set-Up Time 

0 


0 



tMH 

Write-Per-Bit Mask Data Hold Time 

10 


15 



t TES 

DT High Set-Up Time 

0 


0 



tTHH 

DT High Hold Time 

10 


15 



^TLS 

|DT Low Set-Up Time 

0 


0 



t TLH 

DT Low Hold Time 

10 


15 



t RTH 

DT Low Hold Time referenced to RAS 
(Real Time Read Transfer) 

80 

j - 

95 



*-CTH 

DT” Low Hold Time referenced to CAS 
(Real Time Read Transfer) 

30 

t. 

35 



t ESR 

SE Set-Up Time referenced to RAS 

0 

t 

0 



C REH 

SE Hold Time referenced to RAS 

10 


15 



*-TRD 

DT to RAS Delay Time (Read Transfer) 

0 


0 



tRP 

DT Prechaege Time 

30 

; 

35 



t RSD 

RAS to First SC Delay Time (Read Transfer) 

100 


120 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITION (Continued) 


SYMBOL 

PARAMETER 

TC524257P/ 

Z/J-10 

TC524257P/ 

Z/J-12 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 




CAS to First SC Dealy Time (Read Transfer) 



60 





Last SC to DT Lead Time 
(Real Time Read Transfer) 


■ 

10 

■ 


■ 


DT to First SC Delay Time (Read Transfer) 








Last SC to RAS Set-Up Time (Serial Input) 








RAS to First SC Delay Time (Serial Input) 



30 





RAS to Serial Input Delay Time 



60 




t SDZ 

Serial Output Buffer Turn-Off Delay from 

RAS (Pseudo Write Transfer) 

10 

50 

10 




Pszs 

Serial Input to First SC Delay Time 

0 


0 




C scc 

SC Cycle Time 








SC Pulse Width (SC High Time) 






mm 

c SCP 

SC Precharge Time (SC Low Time) 





ns 

mm 

t SCA 

Access Time from SC 






9 


Serial Output Hold Time from SC 

5 


5 



. 


Serial Input Set-Up Time 

0 


0 





Serial Input Hold Time 







fc SEA 

Access Time from SE 




35 


9 

C SE 

SE Pulse Width 




M 



t SEP 

!rE Precharge Time 




M 


■■ 


Serial Output Buffer Turn-Off Delay from SE 




MM 


ESI 


Serial Input to SE Delay Time 



0 




EBi 

Serial Write Enable Set-Up Time 








Serial Write Enable Hold Time 







■ 

Serial Write Disable Set-Up Time 








Serial Write Disable Hold Time 
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RASTER OPERATION WRITE CYCLE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V CC =5V±10%, Ta=0'W0°C) (NOTES 5, 6, 7) 


SYMBOL 

PARAMETER 

TC524257P/ 

Z/J-10 

TC524257P/ 

Z/J-12 

UNIT 

NOTES 



MIN. 

MAX. 

MIN. 

MAX. 



^FRC 

Write Cycle Time 

220 


260 



15 

t FRWC 

Read-Write Cycle Time 

280 


330 



15 

tFPC 

Page Mode Write Cycle Time 

120 


145 



15 

t FPRWC 

Page Mode Read-Write Cycle Time 

180 


215 



15 

t FRAS 

-RAS Pulse Width 

130 


160 


ns 

15 

t FRSH 

RAS Hold Time 

80 


100 



15 

t FCSH 

CAS Hold Time 

130 


! 160 



15 

tFCAS 

CAS Pulse Width 

80 


: ioo 



15 

tpRWL 

Write Command to RAS Lead Time 

60 


! 75 



15 

fc FCWL 

i Write Command to CAS Lead Time 

60 


75 



15 


CAPACITANCE (V CC =5V±10%, f=lMHz, Ta=0'W0°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

cn 

Input Capacitance (A0^A8) 

- 

8 

pF 

C I2 

Input Capacitance (RAS, CAS, DT/OE, WB/WE, SC, SE) 

- 

8 

C I01 

Input/Output Capacitance (Wl/lOl^ W4/I04) 

- 

10 

C I02 

Input/Output Capacitance (SI01^SI04) 

- 

10 
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NOTES: 

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause 
permanent damage to the device. 

2. All voltages are referenced to V$s- 

3. These parameters depend on cycle rate. 

4. These parameters depend on output loading. Specified values are obtained with the 
output open. 

5. Power must be applied to the RAS and DT/OE input signals to pull them “high” before 
or at the same time as the VCC supply is turned on. After power-up, a pause of 200 
jjl seconds minimum is required with RAS and DT/OE held “high.” After the pause, a 
minimum of eight (8) RAS and (8) SC dummy cycles must be performed to stabilize 
the internal circuitry, before valid read, write or transfer operations can begin. During 
the initialization period, the DT/OE signal must be held “high.” if the internal refresh 
counter is used, a minimum (8) CAS-before-RAS initialization cycles are required 
instead of (8) RAS cycles. 

6. AC measurements assume tj=5ns. 

7. V|h (min.) and Vjl (max.) are reference levels for measuring timing of input signals. 
Also, transition times are measured between Vjh and V||_. 

8. RAM port outputs are measured with a load equivalent to 2 TTL loads and lOOpF. 

9. SAM port outputs are measured with a load equivalent to 2 TTL loads and 30pF. Dqut 
comparator level: V O h/Vol = 2.0V/0.8V. 

10. toFF (max.), toEZ (max.), tgpz (max.) and tgEZ (max.) define the time at which the 
outputs achieve the open circuit condition and are not referenced to output voltage 
levels. 

11. Either tpQH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CAS I ading edge of early write cycles and to 
WB/WE leading edge in read-write cycles. 

13. twcs> tRWD and tcwD are not restrictive operating parameters. They are included in 
the data sheet as electrical characteristics only. If twcs ^ twcs (min.), the cycle is an 
early write cycle and the data out pin will remain open circuit (high impedance) 
throughout the entire cycle; if tRWD=tRWD (min.) and tcwD = tcwD (min.), the cycle is a 
read-write cycle and the data out will contain data read from the selected cell: If 
neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

14. Operation within the tRco (max.) limit insures that tRAc (max.) can be met. tRCD (max.) 
is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC- 
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DEVICE INFORMATION 


RAM PORT OPERATION 


Operation Truth Table 

All operation mode s o f TC524257P/Z/J are determined by CAS, DT/OE, WB/WE, and SE 
at the falling edge of RAS. They are shown in the following tabel 1. 


Table 1: Functional Truth Table 


RAS 

CAS 

ADDRESS 

DT/OE 

WB/WE 

SE 

FUNCTION 

H 

H 

* 

* 

* 

* 

Standby 


H 

Valid 

H+ L 

H 

* 

Read 


H 

Valid 

H 

H-* L 

* 

Write 


H 

Valid(Row add.) 

H 

* 

* 

RAS only refresh 


L 

* 

H(l) 

H 

* 

CAS-before-RAS Refresh 


H 

Valid 

H 

L 

* 

Write-per-Bit 


L 

Valid (AO ^ A3) 

H(l) 

L 

* 

Raster Operation Set-up 


H 

Valid 

L 

H 

* 

Read Transfer 


H 

Valid 

L 

L 

L 

Write Transfer 


H 

Valid 

L 

L 

H 

Pseudo-Write Transfer 


Note; H: V IH , L: V IL , *: V IH or V IL 

(1) The input level of DT/OE in the CAS before RAS timing is not ristricted. 
However it is recommended that DT/OE be held ’High* because this input 
will be used for future expansion of the operation mode. 


ADDRESSING 

The 18 address bits required to decode 4-bits of the 1,048,576 cell locations 
within the Dynamic RAM memory array of the TC524257P/Z/J, are multiplexed onto 9 address 
input pins (A0^A8). Nine row-address bits are latched on the falling edge of the row 
address strobe (RAS) and the following nine column address bits are latched on the 
falling edge of the column address strobe (CAS). 

The row address inputs AXO^ AX3 are also used as operation code input signals in 
the raster operation set-up cycle. 

DATA TRANSFER/OUTPUT ENABLE (DT/OE) 

_The DT/OE input is a multifucntion pin. When DT/OE is 'High 1 at the falling edge 

of RAS, a normal DRAM cycle is performed and this input is used as an output enable. 

When DT/OE is 'Low' at the falling edge of RAS, a data transfer operation is started 
between the RAM port and the SAM port. 
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WRITE-PER-BIT/WRITE-ENABLE (WB/WE) 

The WB/WE input is also a multifunction pin. For conventional DRAM cycle, the 
WB/WE input is used in the same manner as standard DRAMs except when the write-per-bit 
function or the raster operation are used. When WB/WE is f low f at the falling edge 
of RAS, the bit write-mask is enabled. When WB/WE and CAS are ’low* at the falling 
edge of RAS, the raster operation set-up cycle is executed. 

The WB/WE input also determines the direction of data transfer between the DRAM 
memory array and the serial register. When WB/WE is ’high* at the falling edge of RAS, 
the data is transferred from RAM to SAM (read-transfer cycle). When WB/WE is *low* at 
the falling edge of RAS, the data is transferred from SAM to RAM (write-transfer 
cycle). 


WRITE-MASK DATA/DATA INPUT/OUTPUT (W1/I01 to W4/I04) 

When the write-per-bit function is enabled, the mask data on the W1/I01 pins is 
latched into the write-mask register WM1 at the falling edge of RAS. Data is written 
into the DRAM on data lines where the write-mask data is a logic *1*. Writing is 
inhibited on data lines where the write-mask data is a logic *0*. The write-mask data 
is valid for only one cycle except for during raster operation. In the raster opera¬ 
tion set-up cycle, the mask data is latched into the write-mask register WM2 at the 
falling edge of RAS. The write-mask selected during the raster operation set-up cycle 
remains valid for all subsequent raster operation write, read-modify-write or page¬ 
mode write cycles. 


PAGE MODE 

The page mode feature of the TC524257P/Z/J allows data to be transferred into or 
multiple column locations of the same row by having multiple column cycles during a 
single active RAS cycle. 

For the initial page mode access, the output data is valid after the specified 
access time from RAS. For all subsequent p^ • mode read operations, the ouptut data 
is valid after the specified access time f. >.;i CAS. As a result, page mode operation 
reduces power dissipation and improves data access time. 

When the write-per-bit function is enabled, the mask data specified in the first 
write operation, at the falling edge of RAS, is maintained throughout the page mode 
write cycle. 


RAS-ONLY REFRESH 

The data in the DRAM cycle requires periodic refreshing to prevent data loss. 
Refreshing is accomplished by performing a memory cycle at each of the 512 rows in 
the DRAM array within the specified 8ms refresh period. Although any normal memory 
cycle will perform the refresh operation, this function is most easily accomplished 
with ’RAS-ONLY* cycles. 
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CAS-BEFORE-RAS REFRESH 

The TC524257P/Z/J also offers an internal refresh function. When CAS is held ’low’ 
for a specified period (tcSR) before RAS goes low, an internal refresh address counier 
and on-chip refresh control clock generators are enabled and an internal refresh 
operation takes place. When the refresh operation is completed, the internal refresh 
address counter is automatically incremented in preparation for the next CAS-before- 
RAS cycle. For successive CAS-before-RAS refresh cycles, CAS can remain low while 
cycling RAS. 

During a CAS-before-RAS refresh cycle, WB/WE must be 'high 1 at the falling edge 
of RAS to prevent a false raster operation set-up cycle from occurring. 


HIDDEN REFRESH 

A hidden refresh is a CAS-before-RAS refresh performed by holding CAS 'low 1 from 
a previous read cycle. This allows for the output data from the previous memory cycle 
to remain valid while performing a refresh. The internal refresh address counter 
provides the address and the refresh is accomplished by cycling RAS after the speci¬ 
fied RAS-precharge period (refer to figure 1). 


Figure 1: hidden refresh cycle 
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WRITE-PER-BIT FUNCTION 

The write-per-bit function selectively controls the internal write-enable cir¬ 
cuits of the RAM port. When WB/WE is held 'low' at the falling edge of RAS, during a 
random access operation, the write-mask is enabled. At the same time, the mask data 
on the Wi/IOi pins is latched onto the write-mask register (WMl). When a 'O' is 
sensed on any of the Wi/IOi pins, their corresponding write circuits are disabled and 
new data will not be wirtten. 

When a , l l is sensed on any of the Wi/IOi pins, their corresponding write circuits 
will remain enabled so that new data is written. The truth table of the write-per-bit 
function is shown in table 2. 


Table 2: Truth table for write-per-bit function 



At the 

falling 

edge of RAS 

Function 

CAS 

DT/OE 

WB/WE 

Wi/IOi (i=l^ 4) 

H 

H 

H 

* 

Write Enable 

H 

H 

L 

1 

Write Enable 


0 

Write Mask 


An example of the write-per-bit function illustrating its application to displays 
is shown in figures 2 and 3. 
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A0 ~~ A8 'M R0W 

DT/DE 


I 




"H" 


WB/WE 7/\ '' L " /7\ 


mum 
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Figure 3: corresponding bit-map 
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• Write “l" 
O Write "0” 
o No write 


iOSSS 


_ W4/I04 Write "0" 

-W3/I03 —-No write(Masked) 
-W2/I02 --Write "1" 

-WI/IOI --No write(Masked) 


Wr/IOn = "L" — Mask Bit 
Wr/IOn = "H" -• Write Enable Bit 
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RASTER OPERATION 


The TC524257P/Z/J features a logic function which provides 16 modes of raster op¬ 
eration. The desired logic function mode is selected during the raster operation 
set-up cycle and remains in effect until another selection is made. During raster 
operation, the TC524257P/Z/J performs internal logic operations when data is written 
through the RAM port. As shown in figure 4, the result (fj) of the logic operation, 
between the input data and the data residing in the accessed memory location is 
stored back in the accessed memory location. 



WM2 


Mn ■*- f j (Mn, Dn) 

fj: Logic Operation (j=0^15) 
Mn: Destination Cell Data 
Dn: Source Input Data 
n: Number of W/IO 


Figure 4: block diagram of raster operation 


The row address inputs AXO thru AX3 are used as operation code input signals in 
the raster operation set-up cycle. 

Table 3 lists the operation assigned to the sixteen logic function modes. 


Table 3: Truth table of raster operation 


Operation Code 

Symbol 

Operation 

Note 

Operation Code 

Symbol 

Operation 

Note 

AX 3 

AX2 

AX1 

AXO 

AX3 

AX2 

AX1 

AXO 

0 

0 

0 

0 

ZERO 

0 

*1 

1 

0 

0 

0 

NOR 

Dn + Mn 

*2 

0 

0 

0 

1 

AND1 

Dn • Mn 

*2 

i 

o 

0 

1 

ENOR 

Dn® Mn 

*2 

0 

0 

1 

0 

AND 2 

Dn • Mn 

*2 

1 

0 

1 

0 

INV1 

Dn 

*1 

0 

0 

1 

1 

INHIBIT 

Mn 

*2 

1 

0 

1 

1 

0R2 

Dn + Mn 

*2 

0 

1 

i 0 

0 

AND 3 

Dn • Mn 

*2 

1 

1 

0 

0 

INV2 

Mn 

*2 

0 

1 

0 

1 

*3THR0UGH 

Dn 

* 1 

1 

1 

0 

1 

0R3 

Dn + Mn 

*2 

0 

1 

1 1 

0 

EOR 

Dn® Mn 

*2 

1 

1 

1 

0 

NAND 

Dn * Mn 1 

*2 

0 

1 

— 

1 

1 

0R1 

Dn 4- Mn 

*2 

1 

1 

1 

1 

ONE 

i 

*1 


Note: *1 Normal write cycle timing is applied. 

*2 Raster operation write cycle timing must be applied. 

*3 The ’THROUGH' operation mode allows input data to be written directly into 
the selected memory location without raster operation. Therefore, ’THROUGH’ 
is used to reset the raster operation. 
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Figure 5: Raster operation set-up cycle 
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AXO d* AX3 .RASTER OPERATION SELECTION CODE 

(16 functions) 

MASK DATA.RASTER OPERATION MASK DATA 


(Wi/IOi=l.Non masked bit) 

(Wi/I0i=0 . Masked bit) 


Figure 5 shows the timing diagram for the raster operation set-up cycle. 

Both CAS and ItfB/WE must be low at the falling edge of RAS. At this point, the 
operation code specified by row addresses AXO thru AX3 determines the logic function 
to be performed and the mask data is latched into the write-mask register WM2. 

The logic function and mask data specified during the raster operation set-up cycle 
will remain in effect during all subsequent raster operation cycles, till another 
raster operation set-up cycle is executed to change the logic operation mode and mask 
data. 

When the ’THROUGH 1 operation mode is selected, a logic operation is not per¬ 
formed but the mask data specified during the raster operation set-up cycle remains 
in effect during all subsequent raster operation cycles (persistent write per bit 
function). 

Figure 6 shows an example of raster operation cycles with a write-per-bit cycle 
mixed in the sequence. During the write-per-bit cycle, the raster operation is 
inhibited and the mask data in register WM1 is used while the mask data in register 
WM2 is ignored. In the subsequent raster operation page mode cycle, the raster op¬ 
eration is reactivated and the mask data in register WM2 is used again. 
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Example of raster operation 
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TRANSFER OPERATION 

The TC524257P/Z/J features bi-directional transfer capability from RAM to SAM and 
from SAM to RAM. A transfer consists of loading 512 words by 4-bits of data from one 
port into the other. During a transfer cycle, RAM port and SAM port operations are 
restricted. 

There are three types of transfer operations: read transfer, write transfer and 
pseudo-write transfer. As shown in table 4, the type of transfer operation is deter¬ 
mined by CAS, DT/OE, WB/WE and RE at the falling edge of RAS. 


Table 4: Truth table of transfer operation 


At the falling edge of RAS 


Transfer 

direction 

CAS 

DT/OE 

WB/WE 

SE 

H 

L 

H 

* 

Read/real-time read transfer cycle 

RAM -* SAM 

H 

L 

L 

L 

Write-transfer cycle 

SAM RAM 

H 

L 

L 

H 

Pseudo-write transfer cycle 

- 


*: high or low 


READ-TRANSFER CYCLE 

A read-transfer consists of loading a selected row of data from the RAM array into 
the SAM register. A read-transfer is accomplished by holding CAS high, DT/OE low and 
WB/WE high at the falling edge of RAS. The row address selected at the falling edge 
of RAS determines the RAM row to be transferred into the SAM. 

The actual data transfer completed at the rising edge of DT/OE. 

When the transfer is completed, the SIO lines are set into the output mode. 

In a read/real-tiroe read-transfer cycle, the transfer of a new row of data is com¬ 
pleted at the rising edge of DT/OE and becomes valid on the SIO lines after the speci¬ 
fied access time tgcA from the rising edge of the subsequent serial clock(SC) cycle. 

The start address of the serial pointer of the SAM is determined by the column 
address selected at the falling edge of CAS. (refer to figure 7). 

Figure 7: block diagram of RAM port and SAM port during read transfer 
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In a read-transfer cycle (which is preceded by a write-transfer cycle), the SC 
clock must be held at a constant Vjl or Vih, after the SC precharge time has been 
satisfied. A rising edge of the SC clock must not occur until after the specified 
delay txsD from the rising edge of DT/OE (refer to Figure 8). 


Figure 8: Read-transfer cycle (preceded by a write-transfer cycle) 
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In a real-time read-transfer cycle (which is preceded by another read-transfer 
cycle), the previous row data appears on the SIO lines until the specified tgcA 
access time from the same rising edge of SC. 

This feature allows for the first bit of the new row of data to appear on the 
serial output as soon as the last bit of the previous row has been strobed, without 
any timing loss. To make this continuous data flow possible: the rising edge of 
DT/OE must be synchronized with RAS, CAS and the subsequent rising edge of SC 
(refer to Figure 9). 

Figure 9: Real-time read transfer cycle 
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WRITE-TRANSFER CYCLE 

A write-transfer cycle consists of loading the content of the SAM data register 
into a selected row of the RAM array. A write-transfer is accomplished by CAS high, 
DT/OE low, WB/WE low and SE low at the falling edge of RAS. The row address selected 
at the falling edge of RAS determines the RAM row address into which the data will be 
transferred. The column address selected at the falling edge of CAS determines the 
start address of the serial pointer of the SAM. After the write-transfer is completed, 
the SIO lines are in the input mode so that serial data synchronized with SC can be 
loaded. 

When two consecutive write-transfer operations are performed, there is a delay in 
availability between the last bit of the previous row and the first bit of the new row. 
Consequently the SC clock must be held at a constant' Vjl or Vjp after the SC precharge 
time tgc-has seen satisfied, a rising edge of the SC clock until after a specified 
delay tgRD from the rising edge of RAS (refer to figure 10). 
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PSEUDO-WRITE-TRANSFER CYCLE 

The pseudo-write-transfer cycle switches SIO lines from serial output mode to 
serial input mode. A pseudo-write-transfer is accomplished by holding CAS high, DT/OE 
low, WB/WE low and SE high at the falling edge of RAS. The pseudo-write-transfer 
cycle must be performed after a read-transfer cycle if the subsequent operation is a 
write-transfer cycle. 

There is a timing delay associated with the switching of the SIO lines from serial 
output mode to serial input mode. During this period, the SC clock must be held at a 
constant Vjl or VxH after the tgc precharge time has been satisfied, A rising edge of 
the SC clock must not occur until after the specified delay t$RD from the rising edge 
of RAS (refer to Figure 11). 

Figure 11: Pseudo-write-transfer cycle 
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SAM PORT OPERATION 

The TC524257P/Z/J is provided with a 512-word by 4-bit serial access memory(SAM) 
High-speed read and write operation may be performed through the SAM port independent 
of the RAM port operations, except during transfer operations. The preceding trans¬ 
fer operation determines the direction of data flow through the SAM registers. 

Data may be read out of the SAM port after a read-transfer cycle (RAM-* SAM) has 
been performed. Data can be shifted out of the SAM port starting at any of the 512- 
bit locations. This tap location corresponds to the column address selected a the 
falling edge of CAS during the read-transfer cycle. The SAM registers are configured 
as circular data registers. The data is shifted out sequentially starting from the 
selected tap location to the most significant bit.and then wraps around to the least 
significant bit. 


Tap location determined by 
column address of read-transfer 
cycle. 


m r 


ci 


Z 


Subsequent real-time-read-transfer may be performed on-the-fly as many times as 
desired within the refresh constrainst of the DRAM memory array. 

A pseudo-write-transfer cycle must be performed in order to write data into the 
SAM port. This cycle switches the SAM port operation from output mode to input mode. 
Data is not transferred during a pseudo-write-transfer cycle. A write-transfer cycle 
(SAMRAM) may then be performed. The data in the SAM registers is loaded into the 
RAM row selected by the row address at the falling edge of RAS. The start address of 
SAM registers is determined by the column address selected at the falling edge »t Z.S 


Table 5: Truth table for SAM operation 


Preceding 

Transfer 

Cycle 

SAM port 
operation 

DT/OE (at the 
failing edge: 
of RAS^ 

SC 

t-L 

Function 

read- 
transfer 

S ’’ 11 

Os put 

mode 

H* 

JL 

L 

enable serial read 

H 

disable serial read 

write- 

transfer 

serial 

input 

mode 

II 

L 

enable serial write 

H 

disable serial write 


* When simultaneous operation are being performed on the RAM port and the SAM port, 
DT/OE must be held high at the falling edge of RAS so as not to perform a false 
trasnfer cycle. 
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SERIAL CLOCK (SC) 

All operations of the SAM port are synchronized with the serial clock SC. Data 
is shifted in or out of the SAM registers at the rising edge of SC. In a serial-read, 
the output data becomes valid on the SIO pins after the maximum specified serial ac¬ 
cess time tscA f rom the rising edge of SC. 

The serial clock SC also increments the 9-bit serial pointer which is used to 
select the SAM address. The pointer address is incremented in a wrap-around mode to 
select sequential locations after the starting location which is determined by the 
column address in the read-transfer cycle. When the pointer reaches the most signifi¬ 
cant address location (decimal 511), the next SC clock will place it at the least 
significant address location (decimal 0). 


SERIAL ENABLE (SE) 

The SE input is used to enable serial access operation. In a serial-read cycle, 
SE is used as an output control. In a serial-write cycle, SE is used as a write enabl 
control. When SE is high, serial access is disabled, however, the serial address 
pointer location is still incremented when SC is clocked even when SE is high. 


SERIAL INPUT/OUTPUT (SI01^SI04) 

Serial input and serial output share common I/O pins. Serial input or output 
mode is determined by the most recent transfer cycle. When a read-transfer cycle is 
performed, the SAM port is in the output mode. When a pseudo-write cycle is performed 
the SAM port operation is switched from output mode to input mode. 

During subsequent write-transfer cycle, the SAM port remains in the input mode. 


REFRESH 


The SAM data registers are static flip-flops therefore a refresh is not required. 
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PAGE MODE READ CYCLE 
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PAGE MODE READ-MODIFY-WRITE CYCLE 
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CAS BEFORE RAS REFRESH CYCLE 
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HIDDEN REFRESH CYCLE 
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REAL TIME READ TRANSFER CYCLE 



























TC524257P/Z/J-10, TC524257 P/Z/J-12 


SERIAL READ CYCLE (SE CONTROLLED OUTPUTS) 
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RASTER OPERATION SET-UP CYCLE 
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RASTER OPERATION WRITE CYCLE (OE CONTROLLED WRITE) 
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RASTER OPERATION READ-WRITE/REAP-MODIFY-WRITE CYCLE 









TC524257P/Z/J-10. TC524257P/Z/J-12 


RASTER 


RAS 


CAS 


AO-A 8 


WB/WE 


DT/OE 


IN 


OPERATION PAGE MODE WRITE CYCLE 


V IH - 


V IL — 




V IH - 

V IL - 


V IH - 

V IL - 



t FRAS 



v OH - 

V OL ~ 


Wl/IOl 

l 

W4/104 


"OUT 


OPEN 



MM Don't Care 






TC524257P/Z/J-10, TC524257 P/Z/J-12 


OUTLINE DRAWINGS 


Plastic DIP 


Unit in ram 





Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position 
with respect to No.l and No.28 leads. 

All dimensions are in millimeters. 
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15^AX. 




TC524257P/Z/J-10, TC524257P/Z/J-12 


Plastic ZIP 

Unit in mm 



Note: Each lead pitch is 1.27mm. 

All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
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3.5 ± 0.3 10.16 MAX. 



TCS24257P/Z/J-10, TC524257P/Z/J-12 


Plastic SOJ 

Unit in mm 


2 1.0 ±Q 2 



te: Each lead pitch is 1.27mm 


All dimensions are in millimeters. 


9.3 ±0.3 






TC524257P/Z/J-10, TC524257P/Z/J-12 
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TOSHIBA BIOS MEMORY PRODUCTS 

THM81000AS/AL-70, 80,10 
THM81020AL-70, 80, 10 


DESCRIPTION 


The THM81000AS is a 1,048,576 words by 8 bits dynamic RAM module which assembled 
8 pcs of TC511000AJ on the printed circuit board. 

The THM81000AS is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 

features! 


• 1,048,576 words by 8 bits organization 

• Fast access time 




THM81000AS/AL, THM81020AL 



-70 

-80 

-10 

tRAC RAS Access Time j 

70ns 

80ns 

100ns 

IM 

Column Address Access Time 

35ns 

40ns 

50ns 

t CAC CAS Access Time ! 

20ns 

20ns 

25ns 

tRC 

Cycle Time 

130ns 

150ns 

180ns 

tpc 

Fast Page Mode Cycle Time 

40ns 

45ns 

55ns 


• Single power supply of 5V±10% 

• Low power 3520mW MAX. Operating (THM81000AS/AL-70, THM81020AL-70) 

3080mW MAX. Operating (THM81000AS/AL-80, THM81020AL-80) 

264OmW MAX. Operating (THM81000AS/AL-10, THM81020AL-10) 

_ 44mW MAX. Standby 

• CAS before RAS refresh, RAS only refresh, Hidden refresh, and Fast Page Mode 

capability. 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/8ms 


I PIN CONNECTION! (TOP VIEW) 


THM81000AS 


vcc 

CA~S 

DQ0 

AO 

A 1 

DQ1 

A2 

A3 

VSS 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 

(7) 

( 8 ) 
(9) 


DQ2 (10) 
A 4 (1 1) 

A 5 (12) 

DQ3 (1 3) 
A6 (14) 
A 7 (15) 

DQ4 (1 6) 
A8 (17) 
A 9 (1 8) 

N.C. (1 9) 
DQ5 (2 0) 
W (2 1) 
VSS (22) 
DQ6 (2 3) 
N.C.(24) 
DQ7 (2 5) 
N.C. (26) 
RAS (2 7) 
N.C. (28) 
N.C.(29) 
VCC (3 0) 



THM81000AL THM81020AL 



|pIN names! 


A0 'v A9 

Address Inputs 

DQ0 -VDQ7 

Data Input/Outputs 

CAS 

Column Address Strobe 

RAS 

Row Address Strobe 

W~ 

Read/Write Input 

v cc 

Power (+5V) 

v ss 

Ground 

N.C. 

No Connection 


- 03 - 

































THM81OOOAS/AL-70, 80,10 
THM81020AL-70, 80, 10 


ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

VlN 

-1.0 0,7.0 

V 

1 

Output Voltage 

v OTJT 

-1.0 0,7.0 

V 

1 

Power Supply Voltage 

V CC 

-1.0 o,7.0 

V 

1 

Operating Temperature 

t opr 

0 o,70 

°c 

1 

Storage Temperature 

t stg 

-55 0,125 

°c 

1 

Soldering Temperature • Time 

TsOLDER 

260 . 10 

°C ■ sec 

1 

Power Dissipation 

P D 

4.8 

W 

1 

Short Circuit Output Current 

I OUT 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0 'W0°c) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 




v cc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V cc =5vtl0%, Ta=0 'WQ-Q 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

I CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRC = tRC MIN.) 

THMxxxxxx -70 

- 

640 

mA 

3, 4 

TKMxxxxxx-80 

- 

560 

THMxxxxxx-10 


480 

I CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=Vih) 

- 

16 

mA 


ICC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS^Vih: t RC =t RC MIN.) 

THMxxxxxx-70 

- 

640 

mA 

3 

THMxxxxxx-80 

- 

560 

THMxxxxxx-10 


480 

TCC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
RAS^Vil, CAS Address Cycling: tp^=tp^ MIN.) 

THMxxxxxx-70 

- 

480 

mA 

3,4 

THMxxxxxx-80 

- 

400 

THMxxxxxx-10 

- 

320 

I CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=VCC-0.2V) 

- 

8 

mA 


TCC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: tpc^tRC MIN.) 

THMxxxxxx-70 

- 

640 

mA 

3 

THMxxxxxx-80 

- 

560 

TKMxxxxxx-10 

- 

480 

I I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(OV =Vin ^6.5V, All Other Pins not under Test=0V) 

-80 

80 

yA 


X 0(L) 

OUTPUT LEAKAGE CURRENT 

(DquT is disabled, OV < V nTT T ^ 5.5V) 

-20 

20 

pA 


3 

OUTPUT LEVEL 

Output "H” Level Voltage (IOUT—SmA) 

2.4 

- 



El 

OUTPUT LEVEL 

Output "L" Level Voltage (IoUT = 4.2mA) 

j - 





C-5 





















THM81000AS/AL-70, 80,10 
THM81020AL-70, 80, 10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V C c=5V±I0%, Ta=0^70°C)(Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

THM81000AS/AL, THM81020AL 


NOTES 

-70 

-80 

-10 


MAX. 





RC 

Random Read or Write Cycle Time 

130 

- 

150 

- 

180 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

40 


45 

- 

55 

- 

ns 


’-RAC 

Access Time from RAS 

- 

70 

- 

80 

- 

100 

ns 

8,13 

c CAC 

Access Time from CAS 

- 

20 

- 

20 

- 

25 

ns 

00 

t- 1 

u> 

t AA 

Access Time from Column Address 

- 

35 

- 

40 

- 

50 

ns 

8,14 

tCPA 

Access Time from CAS Precharge 

- 

35 

- 

40 

- 

50 

ns 

8 

t CLZ 

CAS to Output in Low-Z 

0 

- 

0 

- 

0 

- 

ns 

8 

t OFF 

Output Buffer Turn-off Delay 

0 

20 

0 

20 

0 

20 

ns 

9 

t T 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 

7 

t RP 

RAS Precharge Time 

50 

- 

60 

- 

70 

- 

ns 


t RAS 

RAS Pulse Width 

70 

10,0 00 

80 

10,000 

100 

10,000 

ns 


t RASP 

RAS Pulse Width (Fast Page Mode) 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


t RSH 

RAS Hold Time 

20 

- 

20 

- 

25 

- 

ns 


t CSH 

CAS Hold Time 

70 

- 

80 

- 

100 

- 

ns 


t CAS 

CAS Pulse Width 

20 

10,000 

20 

10,000 

25 

10,000 

ns 


t RCD 

RAS to CAS Delay Time 

20 

50 

20 

60 

25 

75 

ns 

13 

t ^ ~ 

XUiU 

RAS to Column Address Delay 

Time 

15 

35 

15 

40 

20 

50 

ns 

14 

t CRP 

CAS to RAS Precharge Time 

5 

- 

5 

- 

5 

- 

ns 


t CP 

CAS Precharge Time (Fast Page 
Mode) 

10 

- 

10 

- 

10 

- 

ns 


C ASR 

Row Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


t RAH 

Row Address Hold Time 

10 

- 

10 

- 

15 

- 

ns 


c ASC 

Column Address Set-Up Time 

0 

- 

0 


0 

- 

ns 


c CAH 

Column Address Hold Time 

15 

- 

15 

- 

20 

H 

ns 


t AR 

Column Address Hold Time 
referenced to RAS 

55 

- 

60 

■ 

75 

■ 

ns 

■ 

t RAL 

Column Address to RAS Lead Time 

35 

- 

40 

Hi 

50 




t RCS 

Read Command Set-Up Time 

0 

- 

0 

- 

0 

- 



t RCH 

Read Command Hold Time 

0 

- 

0 

- 

0 

- 

ns 

10 

f 1 

t RRH | 

Read Command Hold Time 
referenced to RAS 

0 

- 

0 

■ 

0 

■ 

ns 

10 
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THM81000AS/AL-70, 80JO 
THM81020AL-70, 80, 10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 


UNITS 

NOTES 

-70 

-80 

-10 



MIN. 




C WCH 

Write Command Hold Time 

15 

- 

15 

- 


- 

ns 


C WCR 

Write Command Hold Time 
referenced to RAS 

55 

■ 

60 

- 

75 

■ 

ns 


C WP 

Write Command Pulse Width 

15 


15 

- 

20 

- 

ns 


C RWL 

Write Command to RAS Lead 

Time 

20 

- 

20 

- 

25 

■ 


■ 

C CWL 

Write Command to CAS Lead 

Time 

20 

- 

20 

- 

25 

■ 


■ 

fc DS 

Data Set-Up Time 

0 

- 

0 

- 

0 


ns 

11 

t DH 

Data Hold Time 

15 

- 

■a 

- 

20 


ns 

11 

C DHR 

Data Hold Time referenced 

to RAS 

55 

- 

Q 

- 

75 

- 

ns 


t REF 

Refresh Period 

- 

8 

| 

8 

- 

8 

ms 


twcs 

Write Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

12 

t CSR 

CAS Set-Up Time (CAS before 

RAS Cycle) 

10 

- 

10 

- 

10 

- 

ns 


t CHR 

CAS Hold Time (CAS before 

RAS Cycle) 

30 

- 

30 

- 

30 

- 

ns 


t RPC 

RAS to CAS Precharge Time 

0 

- 

0 

- 

0 

- 

ns 


t CPT 

CAS Precharge Time (CAS before 
RAS Counter Test Cycle) 

40 


40 

- 

50 

- 

ns 


t CPN 

CAS Precharge Time 

10 

- 

10 

- 

15 

- 

ns 



CAPACITANCE (V CC =5V±10%, f-lMHz, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. ; 

MAX. 

UNIT 

C I1 

Input Capacitance (A0^A9, W, CAS, RAS) 

- 

60 

pF 

C DQ 

I/O Capacitance (DQ0^DQ7) 

- 

15 

pF 


C-7 























THM81000AS/AL-70, 80,10 
THM81020AL-70, 80, 10 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vss» 

3. I CC1» I CC3> I CC4 * ICC6 depend on cycle rate. 

4. Icci» IcC4> depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal re fresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t<p=5ns. 

7. Vj K (min.) and Vix/max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjh and Vjl- 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF( max *) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either tp^n or tRpp must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. tycs I s not restrictive operating parameters. This is included the data sheet 
as electrical characteristics only. If tycs^WCsCmin *)» the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance). 

13. Operation within the tpcx>(max.) limit insures that tj^c(max.) can be met. 
tRcoCmax.) is specified as a reference point only: If tRCD i s greater than 
the specified t RCD (max.) limit, then access time is controlled by tcAC- 

14. Operation within the tp^Cmax.) limit insures that tp^Gnax.) can be met. 
tRAoCmax.) is specified as a reference point only: If tp^j) is greater than 
the specified tp^(max.) limit, then access time is controlled by t^. 


C-8 









THM81000AS/AL-70, 80,10 
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EARLY WRITE CYCLE 


t RC 



V//A : "H" or "L" 
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THM81000AS/AL-70, 80,10 
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FAST PAGE MODE READ CYCLE 



177771 : "H" or "L" 







THM81000AS/AL-70, 80,10 
THM81020AL-70, 80, 10 


FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 








THNI81000AS/AL-70, SO,10 
THM81020AL-70, 80, 10 


RAS ONLY REFRESH CYCLE 




THM81000AS/AL-70. 80,10 
THM81020AL-70, 80, 10 
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THM81000AS/AL-70. 80,10 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 




6.35±0.1 3 
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OUTLINE DRAWINGS 

• THM81020AL 


Unit: mm 


THE FRONT SIDE 



8.8 9 MAX. i 



THE BACK SIDE 
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THM91000AS/AL-70, 80, 10 
THM91021AL-70, 80, 10 


IdescriptionI 

The THM91000AS/AL is a 1,048,576 words by 9 bits dynamic RAM module which assembled 
9 pcs of TC511000AJ on the printed circuit board. 

The THM91000AS/AL is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 


IFEATURESl 


• 1,048,576 words by 9 bits organization 


Fast access time 

THM91000AS/AL,THM91020AL 



-70 

-80 

-10 

t RAC 

RAS Access Time 

70 ns 

80 ns 

100 ns 

t AA 

Column Address Access Time 

35 ns 

40 ns 

50 ns 

t CAC 

CAS Access Time 

20 ns 

20 ns 

25 ns 

C RC 

Cycle Time 

130 ns 

150 ns 

180 ns 

C PC 

Fast Page Mode Cycle Time 

40 ns 

45 ns 

55 ns 


• Single power supply of 5V±10% 

• Lower power 3960mW MAX. Operating (THM91000AS/AL-70, THM91020AL-70) 

3465mW MAX. Operating (THM91000AS/AL-80, THM91020AL-80) 
2970mW MAX. Operating (THM91000AS/AL-10, THM91020AL-10) 

_ _ 49.5mW MAX . Standby 

• CAS before RAS refresh, RAS only refresh. Hidden refresh, and Fast Page Mode 

capability 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/8ms 


IPIN connection! 

(TOP VIEW) THM91000AS 


db 



o 


THM91000AL 


THM91020AL 



|PIN NAMES | 


A0 % A9 

Address Inputs 

DQ0 DQ7 

Data Input/Outputs 

D8 

Data Input 

Q8 

Data Output 

CAS 

Column Address Strobe 

RAS 

Row Address Strobe 

W 

Read/Write Input 

CAS 8 

Column Address Strobe 

v cc 

Power (+5V) 

v ss 

Ground 

N.C. 

No Connection 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

V IN 

-1.0^7.0 

V 

1 

Output Voltage 

v OUT 

o 

r-. 

o 

! 

V 

1 

Power Supply Voltage 

Vcc 

-1.0^ 7.0 

V 

1 

Operating Temperature 

t opr 

0*W0 

°c 

1 

Storage Temperature 

t stg 

-55 ^ 125 

°c 

1 

Soldering Temperature • Time 

t solder 

260 • 10 

°C • sec 

1 

Power Dissipation 


5.4 

W 

1 

Short Circuit Output Current 

l out 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0'W0°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 




Supply Voltage 

4.5 

5.0 


V 

2 


Input High Voltage 

2.4 


6.5 

V 

2 


Input Low Voltage 

-1.0 


0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V C c=5V±lO%, Ta=0o70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNITS 

NOTES 

I CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 

THMxxxxxx-70 

- 

720 

mA 

3, 4 

THMxxxxxx-80 

- 

630 

(RAS, CAS, Address Cycling: tRC^tRC MIN.) 

THMxxxxxx-10 

- 

540 

I CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V IH ) 

- 

18 

mA 


I CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vih: tRC=tRC MIN.) 

THMxxxxxx-70 

- 

720 

mA 

3 

THMxxxxxx-80 

- 

630 

THMxxxxxx-10 

- 

540 

X CC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 

THMxxxxxx-70 

- 

540 

mA 

3, 4 

THMxxxxxx-80 

- 

450 

(RAS=Vil, CAS Address Cycling: tpc^PC MIN.) 

THMxxxxxx-10 

- 

360 

I CC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V C C-0.2V) 

- 

9 

mA | 


X CC6 

CAS BEFORE RAS REFRESH CURRENT 

THMxxxxxx-70 

- 

720 

mA 

3 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: t R c =t RC MIN.) 

THMxxxxxx-80 

- 

630 

THMxxxxxx-10 

- 

540 

X I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V^ Vjn< 6.5V, All Other Pins not under Test=0V) 

-90 

90 

yA 


X 0(L) 

OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, 0VS VouT S 5.5V) 

-20 

20 

yA 


V 0H 

OUTPUT LEVEL 

Output "H" Level Voltage (IOUT=5-mA) 

2.4 

- 

V 


o 

> 

OUTPUT LEVEL 

Output "L" Level Voltage (IoUT=4.2mA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS ANO RECOMMENDED AC OPERATING CONDITIONS 


(Vcc=5V±I0%, Ta=0^ 70°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

THM91000AS/AL.THM91020AL 

UNIT 

NOTES 

-70 

-80 

-10 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle 
Time 

130 

- 

150 

- 

180 

- 

ns 


C PC 

Fast Page Mode Cycle Time 

40 

- 

45 

- 

55 

- 

ns 


tRAC 

Access Time from RAS 

_ 

70 

- 

80 

_ 

100 

ns 

8,13 

t CAC 

Access Time from CAS 

- 

20 

- 

20 

- 

25 

ns 

8,13 

t AA 

Access Time from Column 
Address 

- 

35 

- 

40 

- 

50 

ns 

8,14 

c CPA 

Access Time from CAS 

Precharge 

- 

35 

- 

40 

- 

50 

ns 

8 

*-CLZ 

CAS to Output in Low-Z 

0 

- 

0 

- 

0 

- 

ns 

8 

t OFF 

Output Buffer Turn-off Dealy 

0 

20 

0 

20 

0 

20 

ns 

9 

trj, 

Transition Time 
(Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 

7 

C RP 

RAS Precharge Time 

50 

- 

60 

- 

70 

- 

ns 


C RAS 

RAS Pulse Width 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


t RASP 

RAS Pulse Width 
(Fast Page Mode) 

80 

100,000 

80 

100,000 

100 

100,000 

ns 


C RSH 

RAS Hold Time 

20 

- 

20 

- 

25 

~ 

ns 


t CSH 

CAS Hold Time 

70 

- 

80 

- 

100 

- 

ns 


t CAS 

CAS Pulse Width 

20 

10,000 

20 

10,000 

25 

10,000 

ns 


t RCD 

RAS to CAS Delay Time 

20 

50 

20 

60 

25 

75 

ns 

13 

t RAD 

RAS to Column Address Delay 
Time 

15 

35 

15 

40 

20 

50 

ns 

14 

c CRP 

CAS to RAS Precharge Time 

5 

- 

5 

- 

5 

- 

ns 


C CP 

CAS Precharge Time 
(Fast Page Mode) 

10 

- 

10 

- 

10 

- 

ns 


*^ASR 

Row Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


tRAH 

Row Address Hold Time 

10 

- 

10 

- 

15 

- 

ns 


c ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


t CAH 

Column Address Hold Time 

15 

- 

15 

_ 

20 

_ 

ns 


t AR 

Column Address Hold Time 
referenced to RAS 

55 

- 

60 

- 

75 

- 

ns 


t RAL 

Column Address to RAS Lead 

Time 

35 

- 

40 

- 

50 

- 

ns 


t RCS 

Read Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

THM91000AS/AL,THM910 20AL 

UNITS 

NOTES 

.-70 

-80 

-10 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRCH 

Read Command Hold Time 

0 

- 

0 

- 

0 

- 

ns 

10 

*"RRH 

Read Command Hold Time 
referenced to RAS 

0 

- 

0 

- 

0 


ns 

10 

c WCH 

Write Command Hold Time 

15 

- 

15 

- 

20 

- 


Ml 

c WCR 

Write Command Hold Time 
referenced to RAS 

55 

- 

60 

- 

75 

- 

Q 

B 

C WP 

Write Command Pulse Width 

15 

- 

15 

- 

20 

- 

bb 


C RWL 

Write Command to RAS Lead 

Time 

20 

- 

20 

- 

25 

- 

B 

B 

t CWl 

Write Command to CAS Lead 

Time 

20 

- 

20 

- 

25 

- 

ns 


C DS 

Data Set-Up Time 

0 

- 

0 

- 

0 


ns 

11 

C DH 

Data Hold Time 

15 

- 

15 

- 

20 


ns 

11 

t DHR 

Data Hold Time referenced to 

RAS 

55 

- 

60 

- 

75 

- 

ns 


t REF 

Refresh Period 

- 

8 

- 

8 

- 

8 

ms 


t WCS 

Write Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

12 

C CSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

10 

: 

10 

- 

10 

- 

ns 


t CHR 

CAS Hold Time 

(CAS before RAS Cycle) 

30 

- 

30 ! 


30 

- 

ns 


1 RPC 

RAS to CAS Precharge Time 

0 


0 

- 

0 ! 

- 

ns 


t CPT 

CAS Precharge Time (CAS be¬ 
fore RAS Counter Test Cycle) 

40 


40 

- 

50 

- 

ns 


•-CPN 

CAS Precharge Time 

10 

- 

10 

- 

15 

- 

ns 



CAPACITANCE (V C c=5V±10Z, f-lMHz, Ta=0'W0°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C I1 

Input Capacitance (A0^A9, W, CAS, RAS) 

- 

60 

pF 

C I2 

Input Capacitance (D8, CAS8) 

- 

7 

pF 

C DQ 

1/0 Capacitance (DQ0 ^ DQ7) 

- 

15 

pF 

EH 

Output Capacitance (Q8) 


10 

pF 


— C-25 — 

















THM91000AS/AL-70. SO, 10 
THM91021AL-70, 80, 10 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3- I CC1* I CC3* I CC4» I CC6 depend on cycle rate. 

4. Icci > 3-CC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by 8 RAS cycles 
before proper device op erati on is achie ved. In case of using internal re fresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tp=5ns. 

7. Vijj(min.) and Vjj^max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vih and Vjl* 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQpp(max.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either t^p or tmust be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. tycg is not restrictive operating parameters. This is included the data sheet 
as electrical characteristics only. If ty^c^ tygg( m in-) s the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance). 

13. Operation within the tpQj)(max.) limit insures that tp^ c (max.) can be met. 
tRCD( max «) as specified as a reference point only: If tpQjj is greater than the 
specified tp^ D (max.) limit, then access time is controlled by tQ^O 

14. Operation within the tp^(max.) limit insures that (max.) can be met. 

tRA])( m ax.) is specified as a reference point only: If tp^D is greater than the 
specified tp^DOnax.) limit, then access time is controlled by t^A. 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 



m 
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CAS BEFORE TEX? REFRESH COUNTER TEST CYCLE 
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OUTLINE DRAWINGS 

• THM91020AL Unit in 111111 


THE FRONT SIDE 
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TOSHIBA MOS MEMORY PRODUCTS 

THM91010AS-70, 80, 10 


[description] 

The THM91010AS is a 1,048,576 words by 9 bits dynamic RAM module which assembled 
9 pcs of TC511000AJ on the printed circuit board. 

The THM91010AS is optimized for application to the systems which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 

I features! 


• 1,048,576 words by 9 bits organization 

• Fast access time 



THM91010AS-70 

THM91010AS-80 

THM91010AS-10 

tRAC 

RAS Access Time 

70ns 

80ns 

100ns 

C AA 

Column Address Access Time 

35ns 

40ns 

50ns 

c CAC 

CAS Access Time 

20ns 

20ns 

25ns 

t RC 

Cycle Time 

130ns 

150ns 

180ns 

tpc 

Fast Page Mode Cycle Time 

40ns 

45ns 

55ns 


• Single power supply of 5V±10% 

• Low power 3960mW MAX. Operating (THM91010AS-70) 

3465mW MAX. Operating (THM91010AS-80) 

2970mW MAX. Operating (THM91010AS-10) 

_ 49.5mW MAX. Standby 

• CAS before RAS refresh, RAS only refresh, Hidden refresh, and Fast Page Mode 

capability. 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/8ms 


[pi n connection! 

(TOP VIEW) 


VCC 

Ca? 

DQO 

AO 

A 1 

DQ1 

A2 

A3 

VSS 


(1 ) 
(2) 

(3) 

(4) 

(5) 

( 6 ) 
(7 ) 
( 8 ) 
(9) 


DQ2 (1 0) 
A 4 (1 1 ) 

A 5 (12) 

DQ3 (13) 
A 6 (14) 

A 7 (1 5) 

DQ4 (16) 
A8 (1 7) 
A 9 (18) 

N.C. (19) 
D.Q5 (2 0) 
W (2 1) 
VSS (22) 
DQ6 (2 3) 
PD 1 (24) 
DQ7 (2 5) 
PD 2 (2 6) 
ITS (2 7) 
N.C. (2 8) 
DQ8 (2 9) 
VCC (3 0) 



[pin names! 


A0 ^ A9 

Address Inputs 

DQO *DQ8 

Data Input/Outputs 

CAS 

Column Address Strobe 

RAS 

Row Address Strobe 

W 

Read/Write Input 

PD1, 2 

Presence Detect (Ground) 

v cc 

Power (+5V) 

VSS 

Ground 

N.C. 

No Connection 
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THM9101OAS-7 



DQ1 


DQ2 


DQ3 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltate 

VIN 

-1.0 'W.O 

V 

1 

Output Voltage 

v OUT 

-1.0 -\,7.0 

V 

1 

Power Supply Voltage 

V CC 

-1.0 'v 7.0 

V 

1 

Operating Temperature 

t OPR 

o 

P 

'vj 

o 

°c 

1 

Storage Temperature 

tstg 

-55 'v/125 

°c 


Soldering Temperature . Time 

T SOLDER 

260 • 10 

°C • sec 

1 

Power Dissipation 

PD 

5.A 

W 

1 

Short Circuit Output Current 

Tout 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Ta=0'v-70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 


Supply Voltage 

4.5 

5.0 

5.5 

V 

2 


Input High Voltage 

2.4 


6.5 

V 

2 

| VlL 

Input Low Voltage 

-1.0 


0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V CC =5V±10%, Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 




I CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS* CAS, Address Cycling: tpc st RC MIN.) 

THM91010AS-70 

- 

720 

mA 

3, 4 

THM91010AS-80 

- 

630 

THM91010AS-10 

- 

540 

T CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V IH ) 

- 

18 

mA 


!CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=Vjh^ t RC =t RC MIN.) 

THM91010AS-70 

- 

720 

mA 

3 

THM91010AS-80 

- 

630 

THM91010AS-10 

- 

540 

ICC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS=Vil, CAS Address Cycling: tpc~tpc MIN.) 

THM91010AS-70 

- 

540 

mA 

3, 4 

THM91010AS-80 

- 

450 

THM91010AS-10 

- 

360 

Pcca 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V CC -0.2V) 

- 

9 

mA 


I CC6 

CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS B fore RAS 
Mode (RAS, CAS Cycling: t RC =t R £ MIN.) 

THM91010AS-70 

- 

720 

mA 

3 

THM91010AS-80 

- 

630 

THM91010AS-10 

- 

540 

I I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V ^Vjn i6.5V, All Other Pine not under Test=0V) 

-90 

90 

yA 


I 0(L) 

OUTPUT LEAKAGE CURRENT 

(DouT disabled, 0V <VouT <5.5V) 

-20 

20 

UA 


v OH 

OUTPUT LEVEL 

Output ”H" Level Voltage (loUT = “5mA) 

2.4 

- 

V 


VOL 

OUTPUT LEVEL 

Output "L M Level Voltage (Iqut = 4.2mA) 

- 

0.4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(Vcc=5V±10%, Ta=0 'v 70°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 




232ESE0 


■ 






im 


Random Read or Write Cycle 
Time 

130 

- 

150 

- 

180 

- 




Fast Page Mode Cycle Time 

40 

- 

45 

- 

55 

- 

ns 



Access Time from RAS 

- 

70 

- 

80 

- 

100 


8,13 


Access Time from CAS 

- 

20 

- 

20 

- 

25 


8,13 


Access Time from Column 
Address 

- 

35 

- 

40 

- 

50 


8,14 


Access Time from CAS Pre- 
charge 

- 

35 

- 

40 

- 

50 


8 


CAS to Output in Low-Z 

0 

- 

0 

- 

0 

- 


8 


Output Buffer Turn-off 
Delay 

0 

20 

0 

20 

0 

20 


9 


Transition Time 
(Rise and Fall) 

3 

50 

3 

50 

3 

50 


7 


RAS Precharge Time 

30 

- 

60 

- 

70 

- 

ns 



RAS Pulse Width 

70 

10,000 

80 

10,000 

100 

10,000 

ns 



RAS Pulse Width 
(Fast Page Mode) 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


t RSH 

RAS Hold Time 

20 

- 

20 

- 

25 

- 

ns 


^CSH 

CAS Hold Time 

70 

- 

80 

- 

100 

- 

ns 



CAS Pulse Width 

20 

10,000 

20 

10,000 

25 

10,000 

ns 



RAS to CAS Delay Time 

20 

50 

20 

60 

25 

75 

ns 

13 

t RAD 

RAS to Column Address 

Delay Time 

15 

35 

15 

40 

20 

50 

ns 

14 

c CRP 

CAS to RAS Precharge Time 

5 

- 

5 

- 

5 

- 

ns 


c CP 

CAS Precharge Time 
(Fast Page Mode) 

10 

- 

10 

- 

10 

- 

ns 


C ASR 

! tfcw Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


C RAH 

?ow Address Hold Time 

10 

- 

10 

- 

15 

- 

ns 


t ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

0 


ns 


c CAH 

Column Address Hold Time 

15 

- 

15 

- 

20 

- 

ns 


C AR 

Column Address Hold Time 
referenced to RAS 

55 

- 

60 

- 

75 

- 

ns 


tRAL 

Column Address to RAS 

Lead Time 

35 

. .. 

40 

- 

50 

. 

ns 


t RCS 

Read Command Set-Up Time 

0 


0 

- 

0 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 


SYMBOL 

PARAMETER 

THM91010AS-70 

THM91010AS-80 

THM91010AS-10 



MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

*-RCH 

Read Command Hold Time 

0 

- 

0 

- 

0 

- 

ns 

10 

tRRH 

Read Command Hold Time 
referenced to RAS 

0 

B 

0 

- 


- 


10 

t WCH 

Write Command Hold Time 

15 

- 

15 

- 

20 

- 

ns 



Write Command Hold Time 
referenced to RAS 


- 

60 

- 

75 

- 

ns 

B 


Write Command Pulse Width 

15 

- 

15 

- 

20 

- 

ns 



Write Command to RAS Lead 
Time 


- 


- 


- 

B 

B 

tCWL 

Write Command to CAS Lead 
Time 

20 

■ 

20 

1 

25 

- 

B 

B 

t DS 

Data Set-Up Time 

0 

- 

0 

- 

0 

- 


■ 

*-DH 

Data Hold Time 

15 

- 

15 

- 

20 

- 

m 

■a 

C DHR 

Data Hold Time referenced 
to RAS 

55 

B 

60 

B 

75 

- 

D 

B 

C REF 

Refresh Period 


8 

- 

8 

- 

8 



twcs 

Write Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

12 

c CSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

10 

- 

10 

- 


B 


B 

*-CHR 

CAS Hold Time 

(CAS before RAS Cycle) 

30 

B 

30 

- 

30 

- 

ns 


'-RPC 

RAS to CAS Precharge Time 

0 

■ 

0 

- 

0 

- 

ns 


t CPT 

CAS Precharge Time (CAS 
before RAS Counter Test 
Cycle) 

AO 

- 

40 

- 

50 

- 

ns 


C CPN 

CAS Precharge Time 

10 

- 

10 

- 

15 

- 

ns 



CAPACITANCE (V CC =5V±10%, f=lMHz, Ta-0 'WO'C) 


SYMBOL 

PARAMETER 

MIN. 



BIB 

Input Capacitance (A0^A9, W, CAS, RAS) 

- 

nojn 


BBI 

I/O Capacitance (DQ0 ^DQ8) 

- 

mm 

pF 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to V SS* 

3. Icci> I CC3> 1CC4> 1CC6 depend on cycle rate. 

4. ICC1» ICC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t<p=5ns. 

7. V-j-jjCmin.) and VjL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjr and 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toppCmax.) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either t RC R or t RRR must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. tycs is not restrictive operating parameters. This is included the data sheet 
as electrical characteristics only. If tycS-twCS( m in.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance). 

13. Operation within the t R Q)(max.) limit insures that tj^cCmax.) can b e m et - 
t RCD (max.) is specified as a reference point only: If t RC j) is greater than the 
specified t RCD (max.) limit, then access time is controlled by t c ^ c . 

14. Operation within the tj^Cmax.) limit insures that tj^cCmax.) can be met. 
t RAE>( max *) is specified as a reference point only: If tp^D is greater than the 
specified tj^Cmax.) limit, then access time is controlled by t^. 
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READ CYCLE 
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.EARLY 


RAS 


CAS 


A0-A9 


WRITE 


DQ0-DQ8 


WRITE CYCLE 



H or "L" 
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RAS 


RAS 


CAS 


A0-A8 


ONLY REFRESH CYCLE 



m 


"H" or "L" 


Note: WRITE="H" or "L", A9="H" or "L" 
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CAS BEFORE RAS REFRESH CYCLE 


tRC 




"H" or 


Note: WRITE="H" or "L", A0^A9="H" or "L" 


— C-5< 
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HIDDEN REFRESH CYCLE (WRITE) 


l RC 



WZA : "H" or "L" 


— C-52 — 

















































TOSHIBA IHOS MEMORY PRODUCTS 

THM362500AS-70, 80, 10 


idescription] 

The THM362500AS is a 262,144 words by 36 bits dynamic RAM module which assembled 8 
pcs of TC514256AJ and 4 pcs of TMM51256T on the printed circuit board. The 
THM362500AS can be as well used as 524,288 words by 18 bits dynamic RAM module, by 
means of connecting DQO and DQ18, DQ1 and DQ19, DQ2 and DQ20, ........ DQ17 and DQ35, 

respectively. The THM362500AS is optimized for application to the systems which are 
required high density and large capacity such as main memory of the computers and an 
image memory systems, and to the others which are requested compact size. 


I features! 


• 262,144 words by 36 bits organization 

• Fast access time and cycle time 


[ — 

THM362500AS-70 

THM362500AS-80 

THM362500AS-10 

tRAC 

RAS Access Time 

70ns 

80ns 

100ns 

C AA 

Column Address Access Time 

35ns 

40ns 

50ns 

*-CAC 

CAS Access Time 

20ns 

20ns 

25ns 

*-RC 

Cycle Time 

MSI 

150ns 

180ns 

tpc 

Fast Page Mode Cycle Time 

—irt 

45ns 

55ns 


• Single power supply of 5V±5% 

• Low power 

5,280mW MAX. Operating(THM362500AS-70) 
4,62OmW MAX. Operating(THM362500AS-80) 
3,960mW MAX. Operating(THM362500AS-10) 
66mW MAX. Standby 


• CAS before RAS refresh, RAS only 

refresh, Hidden refresh, and Fast 
Page Mode capability. 

• All inputs and outputs TTL compatible 

• 512 refresh cycles/4ms 


(PIN CONNECTION] (top VIEW) 











] 

1 











5°L 

JC 



ICXJI 

oc 


o 



"tun: 


iiiUJ 

UiiJJ UJUJ W'U 




I PIN NAMES] 


A0 ^ A8 

Address Inputs 

DQO a, DQ35 

Data Input/Outputs 

CAS(K CAS3 

Column Address Strobe 

RASO, RAS2 

Row Address Strobe 

W 

Read/Write Input 

Vcc 

Power (+5V) 

V SS 

Ground 

NC 

No Connection 


1 

vss 

13 

A1 

25 

IBH 

m 


EH 


EQ 

IMH 

2 


EQ 



E5B1 

m 

DQ35 

m 

DQ27 

£2 

DQ33 

3 

DQ18 

15 

A3 

27 

IMM 

|Q 

V SS 

51 


m 


4 

DQl 

16 

A4 

28 

urn 

Q3 

CAS0 

m 

DQ28 

64 

DQ34 

5 

DQ19 

17 

A 5 

29 

NC 

41 

CAS2 

m 

DQ11 

65 

DQ16 

6 


18 


30 

Vcc 

m 

CAS3 

m 



NC 

7 


ED 


31 


m 

CAS1 

m 


67 

EH 

8 

DQ3 

Hil 


32 

NC 

44 

RASO 

m 


68 

UM 

9 


HI 


Bl 

NC 

45 


m 


Ev3 

EEH 

10 



DQ5 

m 

RAS2 

H3 


m 

DQ31 

70_ 


11 

NC 

H 

DQ23 

m 


m 


m 

Vcc 

BE 


12 

AO 

m 

DQ6 

IB 


M 




m 



MM 

09 

-80 

mm 

mm 


warn 

m 

MSM 


BSH 

mm 

mm 

WBM 



mm 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

VIN 

-1.0 %7.0 

V 

1 

Output Voltage 

VOUT 

-1.0 'W.O 

V 

1 

Power Supply Voltage 

Vcc 

-1.0 %7.0 

V 

1 

Operating Temperature 

Topr 

0 'WO 

°c 

1 

Storage Temperature 

TsTG 

-55 ^125 

°c 

1 

Soldering Temperature • Time 

TsOLDER 

260 . 10 

°C • sec 

1 

Power Dissipation 

PD 

7.2 

W 

1 

Short Circuit Output Current 

Tout 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (T c =0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vcc 

Supply Voltage 

4.75 

5.0 

5.25 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V C c=5V±5%, Tc=0-WO'C) 


SYMBOL 

PARAMETER 

MIN. 


UNIT 

NOTES 

I CC1 

OPERATING CURRENT 

Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tpc=tpc MIN.) 

THM362500AS-70 

- 

960 

mA 

3,4 

THM362500AS-80 

- 

840 

THM362500AS-10 

- 

720 

X CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V ih ) 

- 

24 

mA 


I CC3 

RAS ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CASWjp: t RC =t RC MIN.) 

THM362500AS-70 

- 

960 

mA 

3 

THM362500AS-80 

- 

840 

THM362500AS-10 

- 

720 

ICC4 

FAST PAGE MODE CURRENT 

Average Power Supply Current, Fast Page Mode 
(RAS=Vil, CAS Address Cycling: tpc=tpc MIN.) 


_ 

720 

mA 

3,4 

THM362500AS-80 

- 

600 

THM362500AS-10 

- 

480 

TCC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS-V CC -0.2V) 

- 

12 

mA 


ICC6 

CAS BEFORE RAS REFRESH CURRENT 

THM362500AS-70 

- 

960 

mA 

3 

Average Power Supply Current, CAS Before RAS 
Mode (RAS, CAS Cycling: tpc=tpc MIN.) 

THM362500AS-80 

- 

840 

THM362500AS-10 

- 

720 

U(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V < Vj^j i6.5V, All Other Pins not under Test=0V) 

-120 

120 

PA 

■ 

I 0(L) 

OUTPUT LEAKAGE CURRENT 

(Dqut is disabled, OV < Vq^t j 5.25V) 

-10 

10 

pA 


Toh 

OUTPUT LEVEL 

Output "H" Level Voltage (IoUT = “5mA) 

2.4 

- 

V 


V 0L 

OUTPUT LEVEL 

Output "L" Level Voltage (IoUT=4.2mA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


=5V±5%, Tc=0 ^ 70°C)(Notes 5, 6, 7) 



THM362500AS- THM362500AS- THM362500AS- 


PARAMETER 


JUNITS NOTES 





Random Read or Write Cycle 
Time 

Fast Page Mode Cycle Time 

Access Time from RAS 

Access Time from CAS 

Access Time from Column 
Address 

Access Time from CAS 
Precharge 

CAS to Output in Low-Z 

Output Buffer Turn-off 
Delay 

Transition Time 
(Rise and Fall) 

RAS Precharge Time 
RAS" Pulse Width 
RAS Pulse Width 
(Fast Page Mode) 

RA§ Hold Time 
CAS Hold Time 
CAS Pulse Width 
RAS to CAS Delay Time 

RAS to Column Address Delay 
Time 

CAS to RAS Precharge Time 
CAS Precharge Time 
(Fast Page Mode) 

Row Address Set-Up Time 

Row Address Hold Time 

Column Address Set-Up Time 

Coluum Address Hold Time 

Column Address Ho ld Time 
referenced to RAS 

Column Address to RAS 
Lead Time 

Read Command Set-Up Time 


- 

150 

- 

180 

- 

- 

45 

- 

55 

- 

70 

- 

80 

- 

100 

20 


20 

- 

25 

35 

- 

40 

- 

50 

35 


40 

- 

50 

- 

0 

- 

0 

- 

20 

0 

20 

0 

20 

50 

3 

50 

3 

50 


50 

- 

60 

- 

70 

- 

70 

16,000 

80 

16,000 

100 

16,000 

70 

100,000 

80 

100,000 

100 

100,000 

20 

- 

20 

- 

25 

- 

70 

- 

80 

- 

100 

- 

20 

o 

O 

O 

o! 

_i 

20 

10,000 

25 

10,000 

20 

50 

20 

60 

25 

75 

15 

35 

15 

40 

20 

50 

5 

- 

5 

- 

10 

- 

10 


10 

0 

10 

- 

0 


0 

- 

0 

- 

10 

- 

10 

- 

15 

- 

0 

- 

0 

- 

0 

- 

15 

- 

15 

- 

20 

- 

55 

- 

60 

- 

75 

- 

35 

- 

40 

- 

50 

- 

0 

- 

0 

- 

0 

- 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (ConeLnued) 


SYMBOL 

PARAMETER 

THM362500AS- 

70 

THM362500AS- 

80 




MIN. 

MAX. 

MIN. 

MAX. 



t RCH 

Read Command Hold Time 

0 

- 

mm 

- 

0 

- 


10 

*-RRH 

Read Command Hold Time 
referenced to RAS 

0 

- 

n 

b 


- 

Q 


C WCH 

Write Command Hold Time 

15 

- 

15 

- 

20 

- 

I 


t WCR 

Write Command Hold Time 
referenced to RAS 

55 

- 

60 

- 

75 

B 

1 

B 

t WP 

Write Command Pulse Width 

15 

- 

15 

- 

20 

- 

ns 


t RWL 

Write Command to RAS Lead 

Time 

20 

- 

20 

- 

25 

B 



t CWL 

Write Command to CAS Lead 
Time 

20 

- 

20 

- 

25 

- 


B 

t DS 

Date Set-Up Time 

0 


0 

- 

0 

- 



t DH 

Date Hold Time 

15 

- 

15 

- 

20 

- 

ns 

11 

t DHR 

Data Hold Time referenced 

to RAS 

55 

- 

60 

- 

75 

- 

ns 


£ ref 

Refresh Period 

- 

8 

- 

8 

- 

8 

ms 


t WCS 

Write Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

12 

t CSR 

CAS Set-Up Time 
(CAS before RAS Cycle) 

10 

- 

10 

- 

10 

- 

ns 


t CHR 

CAS Hold Time 

(CAS before RAS Cycle) 

30 

- 

30 

- 

30 

■ 


■ 

tRPC 

RAS to CAS Precharge Time 

0 

- 

0 

- 

0 


ns 


l C?T 

CAS Precharge Time 
(CAS before RAS Counter 

Test Cycle) 

40 

- 

40 

; - 

50 

1 

Q 

| 

t CPN 

CAS Precharge Time 

10 

- 

10 

- 

15 

mm 

I 



CAPACITANCE (Vcc=5V±5%, f=lMHz, Tc=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

CI1 

Input Capacitance (A0 ^A8) 

- 

88 

pF 

CI2 

Input Capacitance (W) 

- 

84 

PF 

CI3 

Input Capacitance (FASO, RAS2) 

- 

42 

pF 

CI4 

Input Capacitance (CAS0 'V/ CAS3) 

- 

36 

pF 

CDQ1 

I/O Capacitance (DQO'W, 9^16, 18^ 25, 27 ^34) 

- 

17 

pF 

CDQ2 

I/O Capacitance (D08, 17, 26, 35) 

- 

22 

pF 


— C-59 — 















THM362500AS-70, 80, 10 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3. I CC1» I CC3» I CC4> I CC6 depend on cycle rate. 

4. ICC1> ICC4 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume t^=5ns. 

7. Vj H (min.) and VjLCmax.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vjp and Vjl* 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tQpp(max.) defines the time at which the output achieves the open circuit, 
condition and is not referenced to output voltage levels. 

10. Either tnru or t t* tt must he sAf i <;f ipH for ^ read rvrl e. 

uvu J\J\U - -— — ---— -J 

11. These parameters are referenced to CAS leading edge. 

12. tycg is not restrictive operating parameters. This is included the data sheet 
as electrical characteristics only. If t wcs ^tycg(min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance). 

13. Operation within the tp^gCmax.) limit insures that tp^Cmax.) can be met. 
t RCD^ max *^ is s P ec ifi- e d as a reference point only: If tpQ) is greater than 
the specified t R £ D (max.) limit, then access time is controlled by t^Q. 

14. Operation within the tp^Cmax.) limit, insures that t^c( max -) can met. 
t RAD( max ») is specified as a reference point only: If tp^j) is greater than the 
specified tp^j)(max.) limit, then access time is controlled by t^. 
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READ CYCLE 


1 RC 
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FAST 


RAS 


CAS 


A0-A8 


WRITE 


PAGE MODE WRITE CYCLE (EARLY WRITE) 
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CAS BEFORE RAS REFRESH CYCLE 



m 


Note: WRITE="H" or "L", A0^A8="H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 
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HIDDEN REFRESH CYCLE (WRITE) 



m 


"H" or "L" 
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DQ0-DQ35 


OPEN 















2 5.4 0±0.1 3 
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OUTLINE DRAWINGS 

. THM362500AS 

Unit in mm 



DETAIL OF CONTACTS 
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The THM365120AS is a 524,288 words by 36 bits dynamic RAM module which assembled 
16 pcs of TC514256AJ and 8 pcs of TC51256T on both sides the printed circuit board. 

The THM365120AS is optimized for application to the system which are required 
high density and large capacity such as main memory of the computers and an image 
memory systems, and to the others which are requested compact size. 



• Single power supply of 5V±5% 

• Low power 

5,412mW MAX. Operating (THM365120AS-70) 
4,752mWMAX. Operating (THM365120AS-80) 
4,092mW MAX. Operating (THM365120AS-10) 
132mW MAX. Standby 


CAS before RAS refresh, RAS only 
refresh. Hidden refresh, and Fast 
Page Mode capability 
All inputs and outputs TTL compatible 
512 refresh cycles/4ms 
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ABSOLUTE MAXIMUM RATINGS 


ITEM 

SYMBOL 

RATING 

UNITS 

NOTES 

Input Voltage 

VlN 

-l.O'v 7.0 

V 

1 

Output Voltage 

VOUT 

-1.0 'u 7.0 

V 

1 

Power Supply Voltage 

v C c 

-1.0* 7.0 

V 

1 

Operating Temperature 

TOPR 

0* 70 

°C 

1 

Storage Temperature 

TsTG 

-55 % 125 

°c 

1 

Soldering Temperature • Time 



°C • sec 

1 , 

Power Dissipation 

Pd 

14.4 

W 

1 

Short Circuit Output Current 

Pout 

50 

mA 

1 


RECOMMENDED DC OPERATING CONDITIONS (Tc-0*70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

Vec 

Supply Voltage 

4.75 

5.0 

5.25 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 

2 


DC ELECTRICAL CHARACTERISTICS (V CC =5V±5%, Tc-0*70°C) 


SYMBOL 

PARAMETER 

MIN. 





OPERATING CURRENT 

IHM3 65 1 20 AS—7 0 

- 

984 



X CC1 

Average Power Supply Operating Current 

THM3 65 2 20AS—80 

- 

864 

mA 

3,4 


(RAS, CAS, Address Cycling: tRc =t RC MIN.) 

THM365120AS-10 

- 

744 



X CC2 

STANDBY CURRENT 

Power Supply Standby Current 
(ras=cas=v ih ) 

- 

48 

mA 



RAS ONLY REFRESH CURRENT 

THM365120AS—70 

- 

984 



X CC3 

Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=V IH : t RC =t RC MIN.) 

THM3 651 20AS—80 

- 

864 

mA 

3 


THM365120AS—10 

- 

744 




FAST PAGE MODE CURRENT 

THM365 1 20A S—70 

- 

744 



X CC4 

Average Power Supply Current, Fast Page Mode 
(RAS*V il , CAS Address Cycling: tp C =tp C MIN.) 

THM365120AS—80 

- 

624 

mA 

3,4 


THM365120AS—10 

- 

504 



PCC5 

STANDBY CURRENT 

Power Supply Standby Current 
(RAS=CAS=V cc -0.2V) 

- 

24 

mA 



CAS BEFORE RAS REFRESH CURRENT 

THM3651 20 AS—70 

- 

984 



X CC6 

Average Power Supply Current, CAS before RAS 
Mode (RAS, CAS Cycling: tRc^tRU MIN.) 

THM365120AS-80 

- 

864 

mA 

3 


THM3 651 2 0AS—10 

- 

744 



T I(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V 1 Vp N 1 6.5V, All Other Pins not under Test=0V) 

-240 

■ 

240 

pA 


Poa) 

OUTPUT LEAKAGE CURRENT 

(Dqux is disabled, 0V^ V QUT i 5.25V) 

-20 

20 

pA 


v OH 

OUTPUT LEVEL 

Output "H" Level Voltage (IoUT = ”5mA) 

2.4 

- 

V 


o 

> 

OUTPUT LEVEL 

Output "L" Level Voltage (Iqut = ^- 2mA) 

- 

0.4 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V C c=5V+10%, Tc=0'W0°C) (Notes 5, 6, 7) 


SYMBOL 

PARAMETER 

THM36 5 1 20AS—70 

THM365120AS—80 

THM3 65120AS-10 

UNITS 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

t RC 

Random Read or Write Cycle 
Time 

130 

- 

150 

- 

180 

- 

ns 


tpc 

Fast Page Mode Cycle Time 

40 

_ 

45 

- 

55 

- 

ns 


tRAC 

Access Time from RAS 

- 

70 

- 

80 

- 

100 

ns 

8,13 

C CAC 

Access Time from CAS 

- 

20 

- 

20 

- 

25 

ns 

8,13 

t AA 

Access Time from Column 
Address 

- 

35 

- 

40 

- 

50 

ns 

8,14 

tCPA 

Access Time from CAS 
Precharge 

- 

35 

- 

40 

- 

50 

ns 

8 

t CLZ 

CAS to Output in Low-Z 

0 

- 

0 

- 

0 

- 

ns 

8 

tOFF 

Output Buffer Turn-off Delay 

0 

20 

0 

20 

0 

20 

ns 

9 

t T 

Transition Time 
(Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 

7 

t RP 

RAS Precharge Time 

50 


60 

- 

70 

- 

ns 


*-RAS 

RAS Pulse Width 

70 

16,000 

80 

16,000 

100 

16,000 

ns 


tRASP 

RAS Pulse Width 
(Fast Page Mode) 

70 

100,000 

80 

100,000 

100 

100,000 

ns 


t RSH 

RAS Hold Time 

20 

- 

20 

- 

25 

- 

ns 


t CSH 

CAS Hold Time 

70 


80 

- 

100 

- 

ns 


t 0*0 

CAS Pulse Width 

20 

in nnn 

— W , ~ W V 

20 

i n nnn 

>'' v " 

25 

10,000 

ns 


t RCD 

RAS to CAS Delay Time 

20 

50 

20 

60 

25 

75 

ns 

13 

*-RAD 

RAS to Column Address Delay 
Time 

15 

35 

15 

40 

20 

50 

ns 

14 

tCRP 

CAS to RAS Precharge Time 

5 

- 

5 

- 

10 

- 

ns 


c CP 

CAS Precharge Time 
(Fast Page Mode) 

10 

- 

10 

- 

10 


ns 


tASR 

Row Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


tRAH 

Row Address Hold Time 

10 

- 

10 

- 

15 


ns 


t ASC 

Column Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


t CAH 

Column Address Hold Time 

■a 

- 

15 

- 

20 

- 

ns 


mi 

Column Address Hold Time 

referenced to RAS 


- 


- 

75 

- 

ns 

■ 


Column Address to RAS Lead 
Time 

□ 

- 


- 

50 

- 

ns 

■ 

1^9 

Read Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


SYMBOL PARAMETER ^13 651 20AS-70 ™3651 20AS-80 IHM365120AS-10 

MIN. I MAX. MIN. I MAX. MIN. I MAX. 


SYMBOL 

PARAMETER 

t RCH 

Read Command Hold Time 

tRRH 

Read Command Hold Time 
referenced to RAS 

twCH 

Write Command Hold Time 

t WCR 

Write Command Hold Time 

referenced to RAS 

t WP 

Write Command Pulse Width 

tRWL 

Write Command to RAS Lead 

Time 

t CWL 

Write Command to CAS Lead 
Time 


UNITS NOTES 



Data Set-Up Time 

Data Hold Time 

Data Hold Time referenced 

to RAS 

Refresh Period 

Write Command Set-Up Time 


CAS Set-Up Time 
(CAS before RAS Cycle) 


CAS Hold Time 

(CAS before RAS Cycle) 


RAS to CAS Precharge Time 
CAS Precharge Time 
(CAS before RAS Counter 
Test Cycle) 

CAS Precharge Time 



CAPACITANCE (V CC =5V±5%, f=!MHz, Tc*0~70 o C) 



SYMBOL 


CI1 


CI2 

CI3 


CIA 


PARAMETER 


Input Capacitance (A0^A8) 


Input Capacitance (W) 


Input Capacitance (RASO^ RAS3) 


Input Capacitance (CAS0^CAS3) 


I/O Capacitance (DQ0%7, 9^16, 18^ 25, 27^34) 














































THM365120AS-70, 80, 10 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltages are referenced to Vgg. 

3- ICC1» I CC3» I CCA> ICC6 depend on cycle rate. 

4. Icci> ^004 depend on output loading. Specified values are obtained with the 
output open. 

5. An initial pause of 200ys is required after power-up followed by 8 RAS cycles 
before proper device operation is achieved. In case of using internal refresh 
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS 
cycles are required. 

6. AC measurements assume tx=5ns. 

7. v IH( min «) and VjL(max.) are reference levels for measuring timing of input 
signals. Also, transition times are measured between Vj R and Vj^. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. toFF( max «) defines the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10. Either tj^Q^ or tj^g must be satisfied tor a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs not restrictive operating parameters. This is included the data sheet 

as electrical characteristics only. If t WC g= ty^gCmin.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance). 

13. Operation within the t^j)(max.) limit insures that tj^c(max.) can be met. 
tRCp(max.) is specified as a reference point only: If tRCD is greater than 
the specified t RCD (max.) limit, then access time is controlled by t^C* 

14. Operation within the t^^Cmax.) limit insures that t^^Cmax.) can be met. 
tRAD(max.) is specified as a reference point only: If tj^Q is greater than 
the specified t^y-j(max.) limit, then access time is controlled by t 
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EARLY WRITE CYCLE 



V77\ : "H" or "L" 
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HIDDEN REFRESH CYCLE (WRITE) 



YZA '• " H " or " L " 


- C-S4 - 








THM365120AS-70, 80, 10 


CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 


CAS0-CAS3 


Vih —■’ 



t RSH 


LZ_Z 


tCSRj tCHR 


. ^ ASC fc ^ 1 CAH 
c 

COLUMN 


READ CYCLE 
[ v OH 


DQ0HDQ35 


WRITE CYCLE 


VALID DATA-OUT 



_*DS t DH 

VALID DATA-IN 


: "H" or ”L” 
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OUTLINE DRAWINGS 

• THM365120AS 


3.3 8 ±0.1 0 


1 0 7.9 5± 0.1 3 


1 0 1.1 9 ±0.1 3 


in 


m 


2.0 3 ±0.1 0 



fTTTmiiiiiiiiiiinTrrrrmTTTn'nTT 


63 5 


1.27 




R 1.5 7±0.0 5 


6.3 5 ±0.0 3 


9 5.2 5 ± 0.0 5 


DETAIL OF CONTACTS 


X* 

5 

CSl 

o 


L 

LI 

r 

L 



2.54 MIN. 




1.27 



1.04 ±0.03 


Unit in mm 
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8,192 WORD X 8 BIT CMOS STATIC RAM TC5563APL-10, TC5563APL-12 

SILICON GATE CMOS TC5563APL-15 


DESCRIPTION 

The TC5563APL is 65,536 bit static random 
access memory organized as 8,1 92 words by 8 bits 
using CMOS technology, and operates from a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum 
access time of 100ns/1 20ns/1 50 ns. 

When CEz is a logical low or CEi is a logical high, 
the device is placed in low power standby mode in 
which standby current is 2//A typically. The 
TC5563APL has three control inputs. Two chip 
enables (CEi, CE 2 ) allow for device selection and 
data retention control, and an output enable input 


(OE) provides fast memory access. Thus the 
TC5563APL is suitable for use in various micro¬ 
processor application systems where high speed, 
low power, and battery back up are required. 

The TC5563APL also features pin compatibility 
with the 64k bit EPROM (TMM2764D). RAM and 
EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

The TC5563APL is offered in a dual-in-line 28 pin 
0.3 inch width plastic package. 


FEATURES 

• Low Power Dissipation 
27.5mW/MHz (MAx.) Operating 

• Standby Current : 100//A (Max.) Ta = 70°C 

• Access Time 

TC5563APL-1 0 : 100ns (Max.) 
TC5563APL-1 2 : 120ns (Max.) 
TC5563APL-1 5 : 1 50ns (Max.) 

• 5V Single Power Supply 


PJN CONNECTION (TOP VIEW) 


TC5563APL 

N.C. 

A12 

A7 

A6 
A 5 
A4 
A3 
A2 
A1 
AO 

1/01 
I yt)2 
I/O 3 
QND 



PIN NAMES 


64k bit EPROM 
TMM2764D 


Vpp 

t 

1 v 

■ r *B 

A12 

[ 

2 

27 

A7 

t 

3 

26 

A6 

t 

4 

25 

A5 

c 

5 

24 

A4 

c 

6 

23 

A3 

c 

7 

22 

A2 

c 

8 

21 

Al 

c 

9 

20 

AO 

c 

10 

19 

00 

c 

1 1 

18 

01 

c 

1 2 

17 

02 

c 

13 

16 

OND 

c 

14 

15 


3 N.C. 
3 Ab 
3 A 9 
3 All 

] OE 


p O 7 


3 0 5 
3 0 4 


A 0 — A 12 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

Ol 

m 

O 

m 

Chip Enable Inputs 

00 

O 

T 

0 

Data Input/Output 

Vdd 

Power ( + 5V) 

GND 

Ground 

N. C. 

No Connection 


• Power Down Features : CE2, CET 

• Fully Static Operation 

• Data Retention Supply Voltage : 2.0 — 5.5V 

• Directly TTL Compatible 

: All Inputs and Outputs 

• Pm Compatible with 2764 type EPROM 

• TC5565APL Family (Package Type) 


Package Type 

Device Name 

600 mil DIP 

*TC5&65APL 

300 mil DIP 
(Slim Package) 

TC5563APL 

Flat Package(SOP) 

*TC5565AFL 


* ) See TC5565APL Technical Date. 


BLOCK DIAGRAM 
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OPERATION MODE 


OPERATION MODE 

CEi 

CE 2 

OE 

R/W 

9 

o 

00 

: 

POWER 

Read 

L 

H 

L 

H 

Dout 

luDO 

Write 

L 

H 

* 

L 

Din 

Iddo 

Output Deselect 

L 

H 

H 

H 

High-Z 

Tddo 

Standby 

H ; 

* 

* 

* 

High-Z 

Idds 

* 

L 

* 

* 

High-Z 

loos 


* : H or L 

MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

VOD 

Power Supply Voltage 

-0.3-7.0 

V 

VlN 

Input Voltage 

-0 3* — 7.0 

V 

Vi o • 

Input and Output Voltage 

-0 5— Vdd + O 5 

V 

Pd 

Power Dissipation 

0.8 

W 

Tsolder 

Soldering Temperature 

260-10 

o 

0) 

00 

6 

Tstg 

Storage Temperature 

-55—150 

*C 

Topr 

Operating Temperature 

0-70 

C 


* : - 3.0V at Pulse width 50ns 


D. C RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

'5.5 

V 

Vih 

Input High Voltage 

2 2 


Vdd + O.3 

V 

VlL 

Input Low Voltage 

-0 3* 

- 

0.8 

V 

Vdh 

Data Retention Supply Voltage 

2.0 


5.5 

V 


* : —3 OV at Pulse width 50ns 


D. C and OPERATING CHARACTERISTICS (Ta = 0-70°C, Vdd = 5V±10%) 


SYMBOL 

PARAMETER 

TFST CONDITION 

MIN 

TYP. 

MAY 

UNIT 1 

In 

Input Leakage Current 

< 

z 

II 

O 

l 

< 

o 

o 

- 

- 

±1 0 

aA 

lOH 

Output High Current 

Voh-2.4V 

-1 .0 

- 

- 

mA 

lOL 

Output Low Current 

Voi = 0.4V 

4.0 

- 

- 

mA 

Ilo 

Output Leakage Current 

CE7=Vih or CE 2 = Vi L or 

R/W = Vn or OE=V,h 

Vout = 0 — Vdd 

- 

- 

± 1 .0 

aA 

Iddoi 

Operating Current 

Vdd = 5.5V lout=0mA 

CEi~ =Vil 

CE 2 =Vih 

Other Input 

— Vih/Vil 

tCYCLE — I^S 


- 

10 

mA 

tcYCLE .— Min. cycle 

- 


45 

mA 

IDD02 

Operating Current 

Vdd = 5.5V 

CE7=0.2V 

CE 2 = Vdd-0.2V 

Other Input lout=0mA 

= Vdd — 0.2V/0.2 V 

tGYCLE— 1 S 

- 

-1 

5 

mA 

tcYCLE = Min. cycle 

- 

- 

40 

mA 

Iddsi 

Standby Current 

CEi = Vih orCE 2 = ViL 


- 

3 

mA 

*lDDS2 

Standby Current 

CDi = Vdd — 0.2V or 

CE 2 = 0.2V 

Vdd = 2.0 — 5.5 V 

- 

2 

100 

aA 


* : In standby mode with CEi^Vdd-O. 2V, these specification limits are guaranteed under the condition of CE2^Vdd-0. 2V or 
CE 2 ^0.2V. 
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CAPACITANCE (Ta = 25 C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX 

UNIT 

ClN 

Input Capacitance 

Vin = GND 

10 

pF 

COUT 

Output Capacitance 

Vout = GND 

10 

pF 


Note : This parameter periodically sampled is not 100% tested. 


A. C. CHARACTERISTICS (Ta = G~70’C, V DD -5V±10%) 


Read Cycle 


SYMBOL 

PARAMETER 

TC5563APL-10 

TC5563APL-1 2 

TC5563APL-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX 

MIN. 

MAX. 

tRC 

Read Cycle Time 

100 

- 

120 

- 

150 

- 

ns 

tACC 

Address Access Time 

- 

100 

V - 

120 

- 

150 

ns 

tcoi 

CE1 Access Time 

- 

100 

- 

120 

- 

150 

ns 

tC02 

CE2 Access Time 

- 

100 

- 

120 

- 

150 

ns 

tOE 

Output Enable to Output Valid 

- 

50 

- 

60 

- 

70 

ns 

tcof 

Chip Enable (CE1 , CE2) to 

Output in Low-Z 

10 

- 

10 

- 

15 


ns 

to EE 

Output Enable to Output m Low-Z 

5 



- 

5 

- 

ns 

too 

Chip Enable (CE1, CE2) to Output in High-Z 

- 

35 

- 

40 

- 

50 

ns 

tODO 

Output Enable to Output in High-Z 

- 

35 

- 

40 

- 

50 i 

ns 

tOH 

Output Data Hold Time 

20 

■- 

20 

- 

20 

- 

ns 


Write Cycle 


SYMBOL 

PARAMETER 

TC5563APL-10 

TC5563APL-12 

. 

TC5563APL-1 5 

— 

UNIT 

MIN. 

MAX. 

MIN 

MAX 

MIN. 

MAX 

twc 

Write Cycle Time 

100 

- 

120 

- 

150 

- 

ns 

twp 

Write Pulse Width 

60 


70 

- 

90 

- 

ns 

tew 

Chip Selection to End of Write 

80 

- 

85 

- 

100 

- 

ns 

tAS 

Address Set up Time 

0 

- 

0 

- 

0 

- 

ns 

twR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

ns 

tODW 

R/W to Output in High-Z 

- 

35 

- 

40 

- 

50 

ns 

tOEW 

R/W to Output in Low-Z 

5 

- 

5 

- 

10 

- 

ns 

tDS 

Data Set Up Time 

40 ,! 

- j 

50 

- 

60 

- 

ns 

tDH 

Data Hold Time 

o 1 

- 

0 

- 

0 

- 

ns 


A. C. TEST CONDITIONS 


Output Load 
Input Pulse Level 
Timing Measurement 
Reference Level 


1 OOpF 4-1 TTL Gate 
0.6V, 2.4V 
Vin . 0 8V, 2.2V 
Vout : 0.8V, 2.2V 
: 5ns 
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TIMING WAVEFORMS 

• READ CYCLE (1) 


ADDRESSES 


CEg 


CEj 


OE 


d OUT 


t RC 



• WRITE CYCLE 1 (4) (R/W Controlled Write) 


ADDRESSES 


R/W 


CE* 


CEj 


D OUT 


d in 



- D- 


6 
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• WRITE CYCLE 2 (4) (CE1 Controlled Write) 



• WRITE CYCLE 3 (4) (CE2 Controlled Write) 


twc 
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Note : 

1 . R/W is High for Read cycle, 

2 . Assuming that CEi low transition of CE 2 High transition occurs coincident with or after R/W Low transition, Outputs 

remain in a high impedance state. 

3. Assuming that CEi High transition or CE 2 iLow transition occurs coincident with or prior to R/W High transition 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period 


DATA RETENTION CHARACTERISTICS (Ta = 0-70*0 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IdOS2 

Standby Supply Current 

Vdd = 3.0V 

■— 

- 

50 


Von = 5.5V 

- 

100 


tCDR 

Chip Deselection to Data Retntion Mode 

” 6 “ 

- 

- 

jkS 

tR 

Recovery Time 

tRC* 



ns 


* : Read cycle time. 


• CEI Controlled Data Retention Mode (1) 



• CE2 Controlled Data Retention Mode (3) 
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N° te : 

1 . In CE7controlled data retention mode, minimum standby current mode is achieved under the condition of CE2^0. 

2V or CE 2 ^Vdd —0.2V. 

2. If the Vih of CE, is 2.2 V in operation . Iddsi current flows during the period that the Vdd voltage is going down 

from 4 5V to 2 4V. 

3. In CE -2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2^0. 

2 V. 

DEVICE INFORMATION 

The TC5563APL is an asynchronous RAM using address activated circuit technology, thus th« internal operation 
is synchronous. Then once row address change occur, the precharge operation is executed by internal pulse 
generated from row address transient. Therefore the peak current flows only after row address change, as shewn 
in the following figure. 

This peak current may induce the noise on Vdd/GND lines. Thus the use of about O.I^F. decoupling 
capacitor for every device is recommended to eliminate such noise. 


ADDRESSES 


1 DDO 



V D p = 5.5 V 
V IH =^V 
Vj T = CL2V 

Horizon 200nS/d i v 


Fig. TYPICAL CURRENT WAVEFORMS 
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OUTLINE DRAWINGS 

• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 


28 27 26 25 24 23 22 21 20 19 18 17 16 15 Unit! mm 


Uufrjji rp 

r[n rp g-i rp rp rp rji 

X 

< 

a 

kpr '. 

L_J-U...l-L_»J_ 

8 

-p-Tjj-pj Lp-Lp-cp.cpruj-qj Lp m Lfj Tpmr- 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

35,5 UAX 




Note : Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center of each lead that is obtained on the basis 
of No. 1 and No.28 leads. 


Note : Toshiba does not assume any responsibility for use of any circuitry described , no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry, 

©May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


8,192 WORD X 8 BIT 
CMOS STATIC RAM 

SILICON GATE CMOS 


TC5563APL-1OL, TC5563APL-12L 
TC5563APL-15L 


DESCRIPTION 

The TC5563APL is 65,536 bit static random 
access memory organized as 8,1 92 words by 8 bits 
using CMOS technology, and operates from a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum 
access time of 10Ons/1 20ns/1 50ns. When CE 2 is a 
logical low or CEi is a logical high, the device is 
placed in low power standby mode in which standby 
current is 0. 6jxA typically. The TC5563APL has three 
control inputs. Two chip enables (CEi, CE 2 ) allow for 
device selection and data retention control, and an 
output enable input (OE) provides fast memory 

FEATURES 

• Low Power Dissipation 
27.5mW / MHz (MAx.) Operating 

• Standby Current : 1/*A (Max.) Ta = 25°C 

• Access Time 

TC5563APL-10L : 100ns (Max.) 

TC5563APL-1 2L : 120ns (Max.) 

TC5563APL-15L : 150ns (Max.) 


access. Thus the TC5563APL is suitable for use in 
various microprocessor application systems where 
high speed, low power, and battery back up are 
required. 

The TC5563APL also features pin compatibility 
with the 64k bit EPROM (TMM2764D). RAM and 
EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

The TC5563APL is offered in a dual-in-line 28 pin 
0.3 inch width plastic package. 


• 5V Single Power Supply 

• Power Down Features : CE2, CEI 

• Fully Static Operation 

• Data Retention Supply Voltage : 2.0 — 5.5V 

• Directly TTL Compatible 

: All Inputs and Outputs 

• Pin Compatible with 2764 type EPROM 

• TC5565APL Family (Package Type) 


PIN CONNECTION 


TC5563APL 


N.C. C 

1 

28 

3 VdD 

A12C 

2 : 

27 

3 R/W 

A 7 t 

3 

26 

3 CE2 

A6 C 

4 

25 

3 Aq 

A5 t 

5 

24 

3 A9 

A4 C 

6 

23 

3 AH 

A3I 

7 

22 

3 trsr 

A2 £ 

8 

21 

3 Aio 

A1 £ 

9 

20 

1 C El 

AOC 

10 

19 

1 1/08 

1/01 c 

11 

18 

J I/O 7 

1/02 c 

12 

17 

] 1/06 

1/031 

13 

16 

] I/O 5 

GND [ 

14 

15 

J I/O 4 


PIN NAMES 


(TOP VIEW) 


64k bit EPROM 
TMM2764D 


vppqi 


A12C 

A7 C 

A6 C 
A&C 
A4E 
A3C 
A2C 
AlC 
AOE 
00[ 
01E 
02 c 
ONDC 


28 


3 3 VCC 
27 ]PQM 
26 3N.C. 
25 JA8 
24 ]A9 
23 ] A] 1 
22 3 0E 
21 3A10 
20 JCIT 
19 3 O 7 
18 J0 6 
17 ] O 5 
16 l O 4 
15 1 O 3 


Ao—A 12 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

ceT, ce 2 

Chip Enable Inputs 

I/O t~ I/Os 

Data Input/Output 

Vdd 

Power ( + 5V) 

GND 

Ground 

N. C. 

No Connection 


Package Type 

Device Name 

600 mil DIP 

*TC5565APL 

300 mil DIP 
(Slim Package) 

TC5563APL 

Flat Package(SOP) 

*TC5565AFL. 


* : See TC5565APL/AFL Technical Date. 

BLOCK DIAGRAM 
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OPERATION MODE 


OPERATION MODE 

ce; 

ce 2 

OE 

R/W 

I/O, —1/0 8 

POWER 

Read 

L 

H 

L 

H 

Dour 

Iddo 

Write 

L 

H 

* 

L 

Din 

Iddo 

Output Deselect 

L 

H 

H 

H 

High-Z 

Iddo 

Standby 

H 

* 

* 

* 

High-Z 

Idds 

* 

L 

* 

* 

High-Z 

Idds 


* : H or L 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3-7.0 

V 

VlN 

Input Voltage 

-0.3* —7.0 

V 

Vi/o 

Input and Output Voltage 

— 0.5— Vdd-T 0.5 

V 

Pd 

Power Dissipation 

0.8 

w 

Tsolder 

Soldering Temperature 

260-10 

°C-Sec 

Tstg 

Storage Temperature 

—55—150 

*C 

Topr 

Operating Temperature 

0-70 

°C 


* : —3.0V at Pulse width 50ns 


D. C RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP 

MAX. 

UNIT 

v'dd 

Power Supply v'uiiaye 

4.5 

5.0 

5.5 

V 

ViH 

Input High Voltage 

2.2 

- 

Vdd + O. 3 

V 

Vil 

Input Low Voltage 

-0.3* 

- 

0.8 

V 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


* : —3.0V at Pulse width 50ns 


- D-12 - 












TC5563APL-1OL, TC5563APL-12L 
TC5563APL-15L 


D. C and OPERATING CHARACTERISTICS (Ta=0~70 C, Vdo=5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

In 

Input Leakage Current 

Vin = 0-Vdd 

- 

- 

±1 .0 

//A 

lOH 

Output High Current 

Voh = 2.4V 

-1.0 

- 

_ 

mA 

1 OL 

Output Low Current 

Vol=0.4V 

4.0 

. 

* - 

- 

mA 

Ilo 

Output Leakage Current 

CEi=Vih or CE 2 =Vil or 

R/W=Vii or OE=Vih 

Vout=0~Vdd 

. 

- 

±1.0 

//A 

Iddoi 

operating Current 

Vdd= 5.5V lout=OmA 

CET=V.l 

CE 2 =Vih 

Other lnput=ViH/Vn 

tCYCLE= l^s 

- 

- 

10 

mA 

tcYCLE = Min. cycle 

- 

- 

45 

IDD02 

Operating Current 

Vdd = 5.5V 

CE7=0.2V 

CE 2 =Vdd~0.2V 

Other Input .lout=OmA 
=Vdd—0.2V/0.2V 

tCYCLE= I^S 

- 

- 

5 

mA 

tcvcLE = Min. cycle 

- 

- 

40 

Iddsi 

Standby Current 

CEi=Vih or CE 2 =Vil 

- 

- 

3 

mA 

*IdDS2 

Standby Current 

CEi=Vdd— 0.2V or 

CE 2 =0.2V 

Ta = 25°C 

- 

0.6 

1 .0 

• „A 

Ta = 0~70’C 

- 

- 

30 


* : In standby mode with CEi^Vdd- 0.2V, these specification limits are guaranteed under the condition of ,CE 2 ^Vdd —0.2V or 
CE 2 ^0.2V 


CAPACITANCE (Ta = 25 C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

ClN 

Input Capacitance 

Vin = GND 

10 

pF 

COUT 

Output Capacitance 

Vout = GND 

10 

pF 


Note : This parameter periodically sampled is not 100% tested. 
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A. C. CHARACTERISTICS (Ta=0~70°C, Vdd=5V±10%) 


Read Cycle 


SYMBOL 

PARAMETER 

TC5563APL-10L 

TC5563APL-12L 

TC5563APL-15L 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

100 

- 

120 

- 

150 

- 

tACC 

Address Access Time 

- 

100 

- 

120 

- 

150 

tcoi 

CE1 Access Time 

— 

100 

- 

120 

- 

150 

tC02 

CE2 Access Time 

- 

100 

- 

120 

- 

150 

tOE 

Output Enable to Output Valid 


50 

- 

60 


70 

tCOE 

Chip Enable (CE1 , CE2) to 

Output in Low-Z 

10 

- 

10 

- 

15 

- 

tOEE 

Output Enable to Output in Low-Z 

5 

- 

5 

- 

5 

- 

tOD 

Chip Enable (CE1 , CE2) to Output in High-Z 

- ! 

35 

- 

40 

- . | 

50 

tODO 

Output Enable to Output in High-Z 

- 

35 

- 

40 

- 

50 

tOH 

Output Data Hold Time 

o 

CM 

- 

20 

- 

20 

- 


Write Cycle 


SYMBOL 

PARAMETER 

— 

TC5563APL-10L 

TC5563APL-12L 

TC5563APL-15L 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

100 

- 

120 

_ 

150 

- 

ns 

twp 

Write Pulse Width 

60 

- 

70 

- 

90 

- 

tew 

Chip Selection to End of Write 

80 

- 

85 

- 

100 

- 

tAS 

Address Set up Time 

0 

- 

0 

- 

0 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

tODW . 

R/W to Output in High-Z 

- 

35 

- 

40 

- 

50 

tOEW 

R/W to Output in Low-Z 

5 

- 

5 

- 

10 

- 

tDS 

Data Set Up Time 

40 

■ - 

50 

- 

60 

- 

tDH 

Data Hold Time 

0 

- 

0 

- 

0 

- 


A. C. TEST CONDITIONS 


Output Load 
Input Pulse Level 
Timing Measurement 
Reference Level 


: 10OpFT-1 TTL Gate 
: 0.6V, 2.4V 
Vin : 0.8V, 2.2V 
Vout : 0.8V, 2.2V 


tr, tf 


5ns 
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TIMING WAVEFORMS 

• READ CYCLE (1) 


tRC 


, 

ADDRESSES VlH Y 

—_ A 


m 

cv ih n 

dlll _:_ ■/ 

_ 

t ACC 

1 

t 0H , 

-- "I 


- s 

5f —:—: 





t C01 

t 0D 



* s =« 


l _ 

rnmm. 

m 





t°E 

t OD 



- =■ 



^ . _ _ . . 1 

mmm 

m 

m 

n„ IIT V 0H — 



t OEE , 

•- H 


t ODO 


\ 

t COE 

c .. . . H 

OUTPUT DATA VALID 

t _ ) 


^OUT T T 

V 0L - 

t COE 

V 


UNKNOWN 


• WRITE CYCLE 1 (4) (R/W Controlled Write) 
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• WRITE CYCLE 2 (4) (CEi Controlled Write) 


t WC 



• WRITE CYCLE 3 (4) {CE 2 Controlled Write) 
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Note : 

1 . R/W is High for Read Cycle. 

2. Assuming that CEi Low transition of CE 2 High transition occurs coincident with or after R/'W Low transition, Outputs 
remain in a high impedance state. 

3. Assuming that CEi High transition or CE 2 Low transition occures coincident with or prior to R/W High transition, 
Outputs remain in a high impedance state. 

4. Assuming that OlTis High for Write Cycle, Outputs are in high impedance state during this period. 


DATA RETENTION CHARACTERISTICS (Ta=0~70 C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdh 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IDDS2 

Stand by Supply Current 

Vdd = 3.0V 

— 

— 

15 

M A 

Vdd — 5.5V 

- 

' - 

30 

tCDR 

Chip Deselection to Data Retention Mode 

0 

- 

- 

M S 

tR 

Recovery Time 

tRC* 

- 


ns 


* : Read cycle time. 


• CEI Controlled Data Retention Mode (1) 



• CE2 Controlled Data Retention Mode (3) 
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Note : 

1 . In CEi controlled data retention mode, minimum standby current mode is achieved under the condition of CE 2 ^ 
0.2V orCE2j=VDD-0.2V. 

2. If the Vih of CEi is 2.2V in operation, Iddsi current flows during the period that the Vdd voltage is going down from 
4.5V to 2.4V. 

3. In CE 2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE 2 ^ 
0.2V. 


DEVICE INFORMATION 

The TC5563APL/F is an asynchronous RAM using 
address activated circuit technology, thus the inter¬ 
nal operation is synchronous. Then once row 
address change occur, the precharge operation is 
executed by internal pulse generated from row 
address transient. Therefore the peak current flows 
only after row address change, as shown in the 
following figure. This peak current may induce the 
noise on Vdd/GND lines. Thus the use of about 0. 
lyuF decoupling capacitor for every device is 
recommended to eliminate such noise. 

• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 



Fig. TYPICAL CURRENT WAVEFORMS 




Note : Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center of each lead that is obtained on the basis 
of No.1 and No.28 leads. 


Note : Toshiba does not assume any responsibility for use of any circuitry described ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

©May, 1986 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 


TC5565APL-10, TC5565APL-12, TC5565APL-15 
_ _, TC5565AFL-10. TC5565AFL-12, TC5565AFL-15 

IPESCklPTIONl 

The TC5565APL/AFL is 65,536 bit static random access memory organized as 8,192 words 
by 8 bits using CMOS technology, and operates from a single 5V supply. Advanced cir¬ 
cuit techniques provide both high speed and low power features with a maximum operat¬ 
ing current of 5mA/MHz and maximum access time of 100ns/120ns/150ns. 

When CE2 is a logical low or CE1 is a logical high, the device is placed in low power 
standby mode in which standby current is 2yA typically. The TC5565APL/AFL has three 
control inputs. Two chip enable (CE1, CE2) allow for device selection and data re¬ 
tention control, and an output enable input (OE) provides fast memory access. Thus 
the TC5565APL/AFL is suitable for use in various microprocessor application systems 
where high speed, low power, and battery back up are required. 

The TC5565APL also features pin compatibility with the 64K bit EPROM (TMM2764D). 

RAM and EPROM are then interchangeable in the same socket, resulting in flexibility 
in the definition of the quantity of RAM versus EPROM in microprocessor application 
systems. The TC5565APL is offered in a dual-in-line 28 pin standard plastic package. 
The TC5565AFL is offered in 28 pin mini Flat Package. 


FEATURES | 

7 Low Power Dissipation 


27.5mW/MHz(Max.) Operating 
Standby Current : 100uA(Max.) Ta=70°C 
Access Time 

TC5565APL/AFL-10 : 100ns(Max.) 
TC5565APL/AFL-12 : 120ns(Max.) 
TC5565APL/AFL-15 : 150ns(Max.) 

5V Single Power Supply ___ 

Power Down Features: C£2» CE1 
Fully Static Operation 
Data Retention Supply Voltage: 2 

(TOP VIEW) 


Directly TTL Compatible 
: All Inputs and Outputs 
Pin Compatible with 2764 type EPROM 
TC5565APL Family (Package Type) 


Package Type 

Device Name 

600 mil DIP 

TC5565APL 

300 mil DIP 
(Slim Package) 

*TC5563APL 

Flat Package 
(SOP) 

TC5565AFL 


0-5.5V *) See TC5563APL Technical Data. 


PIN CONNECTION 


TC5565APVAFL 


N.C. C 1 
A12 c ^ 

A 7 C 3 
A6 C 4 
Ao C 5 
A 4 C 6 
A3 C 7 

A2 C 3 
A 1 C 9 
AO C 10 

I/OiC n 
I/O 2 C 12 
I/0 3 c 13 
GNDC 14 


PIN NAMES 


28b V DD 
Z7 3 R/W 
26 3 C £ 2 
25 3 A 0 
24 3 Ag 
23 3 A 11 
22 3 517 
21 3 Am 
20 3 Utfi 

15 3 I/Qq 
18 3 I/0 7 
17 3 I/0 6 

16 3 I/ 0 5 
13 3 I/O 4 


64k bit EPROM 
TMM2764D 

Vp 


BLOCK DIAGRAM 


v PP c 1 
a 12 J2 



CLOCK 

GENERATOR 

H 

PRECHAROE 

CIRCUIT 

Ll.-l._jl: 


! 1 


A0-A12 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

CE1.CE2 

Chip Enable Inputs 

1/01-1/08 

Data Input/Output 

VDD 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 



MEMORY CELL 
ARRAY 
256 X 256 
(65536 ) 


V DD 

OND 




SENSE AMP. 


H COLUMN DECODER 
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TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 


OPERATION MODE 


OPERATION MODE 

CEl 

CE2 

OE 

R/W 

I/01-I/08 

POWER 

Read 

L 

H 

L 

H 

dout 

r DD0 

Write 

L 

H 

* 

L 


IDDO 

Output Deselect 

L 

H 

H 

H 


IDDO 

S tandby 

H 

* 

* 

* 

High-Z 

idds 

* 

L 

* 

* 

High-Z 

Idds 


* : H or L 


MAXIMUM RATINGS 


SYMBOI 

ITEM 

RATING 

UN r 

V DD 

Power Supply Voltage 

-0.3-7.0 

V 

*•’ L **, 

Input Voltage 

*-0.3-7.0 

V 

Vi/O 

Input and Output Voltage 

-0.5~Vdo+0« 5 

v 

r* D 

Power Dissipation 

1.0/0.6** 

w 

| Tsolder 

Soldering Temperature 

260*10 

° C 5 3 

! 

Storage Temperature 

-55-130 

°c 

Topr 

Operating Temperature 

o 

t 

'-j 

o 

°c 


* -3.0V at pulse width 50ns MAX. ** fist package 


D.C RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VDD 

Power Supply Voltage 


5.0 

5.5 

V 

VlH 

Input High Voltage 


- 


V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

V DH 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 
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TC5565APL-10, TC5565APL-12. TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 


D.C and OPERATING CHARACTERISTICS (Ta=0~70°c, V DD =5V+10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 


Hal 

IlL 

Input Leakage 

Current 

Vin*0~Vdd 

■ 

■ 

±1.0 

ma 

I OH 

Output High Current 

V 0 h=2.4V 

-1.0 

- 

- 

mA 

lOL 

Output Low Current 

V O l=0.4V 

4.0 

- 

- 

mA 

I L0 

Output Leakage 
Current 

CEi=Vih or CE2-V0L 

R/W=V t xl or OE^Vxh 

V OUT = 0~ V DD 

- 

- 

±1.0 

UA 

I DD01 

Operating Current 

j 

V DD =5.5V 

cei=vil 

CE 2 =Vxh 

Other input= 

vih/vxl 

t cycle* 1 *°*' s 

- 

- 

10 

mA 

TC5565APL-10 

TC5565AFL-10 

tcycle 

=100ns 

- 

- 

45 

mA 

TC5565APL-12 

TC5565AFL-12 

tcycle 

-120ns 

- 

- 

40 

mA 

TC5565APL-I5 

TC5565AFL-15 

tcycle 

*150ns 

- 

- 

35 

mA 

I DD02 

V DD ~5.5V 

CEi=0,2V 

CE2^Vdd~C•2V 

Other inputs 

V dd -0.2V/0.2V 

1 

j 

tcycle*!. Ous 

- 

- 

5 

mA 

TC5565APL-10 

TC5565AFL-10 

tcycle 

=100ns 

- 

- 

40 

mA 

TC5565APL-12 

TC5565AFL-12 

tcycle 

-120ns 

- 

- 

35 

mA 

TC5565APL-15 

TC5565AFL-15 

tcycle 

=150ns 

- 

- 

30 

mA 

IDDS1 

Standby Current 

CEI-Vxh or CE2“Vxl 

- 

- 

3 

mA 

ai DDS2 

CE1 =Vx)d- 0.2V or 

CE2=0.2V 

V 0t) =5.5V 

- 

2 

100 

VA 

V D D“3 . 0V 


1 


pA 


Note * : In standby node with CElii’V dd-O. 2V, these specification limits are guaranteed 
under the condition of CE2 ^Vdd- 0,2V or CE2^0.2V. 


CAPACITANCE (Ta-25°C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ClN 

Input Capacitance 

Vxn=GND 

- 

- 

10 

pF 

CquT 

Output Capacitance 

VquT-CND 

- 

- 

10 

pF 


Note : This parameter periodiically sampled is not 100% tested. 
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TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-1Q, TC5565AFL-12, TC5565AFL-15 


A. C. CHARACTERISTICS (Ta-0*70 # C, V DD =5V±10%) 
Read Cycle 


SYMBOL 

PARAMETER 

TC5565APL-10 

TC5565AFL-10 

TC5565APL-12 

TC5565AFL-12 

TC5565APL-15 

TC5565AFL-I5 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

c RC 

Read Cycle Time 

100 


120 

- 

150 


ns 

tACC 

Address Access Time 

- 


- 


- 


ns 



- 


- 


- 



C C02 

CE2 Access Time 

- 

100 

- 

120 

- 


HI 

c OE 

Output Enable to Output Valid 

- 


- 

60 

- 


■a 

c COE 

Chip Enable (CEi, CE2) to 

Output in Low-Z 

10 



- 

15 

j 

B 

c OEE 

Output Enable to Output in Low-Z 

5 

- 

5 

- 

5 

- 

ns 

tOD 

Chip Enable (CEl, CE2) to 

Output in High-Z 

- 

35 

MB 

40 

- 


ns 


Output Enable to Output in High-Z 

- 

35 

- 

40 

- 

50 

ns 

c OH 

Output Data Hold Time 

20 

- 

20 

- 

20 | 

- 

ns 


Write Cycle 


SYMBOL 

PARAMETER 

TC5565APL-10 

TC5565AFL-10 

TC5565APL-12 

TC5565AFL-12 

TC5565APL-15 

TC5565AFL-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 



~wc 

Write Cycle Time 

100 

- 

120 

- 

150 

- 

ns 

twp 

Write Pulse Width 

60 

- 

70 

- 

90 

- 

ns 

C CW 

Chip Selection to End of Write 

80 

- 

85 

- 

100 

- 

ns 

C AS 

Address Set up Time 

0 

- 

0 

- 

0 

- 

ns 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

ns 

c ODW 

R/W to Output High-Z 

- 

35 

0 

40 

- 

50 

ns 

tOEW 

R/W to Output Low-Z 

5 

- 

5 

- 

10 

- 

ns 

t DS 

Data Set up Time 

40 

- 

50 

- 

60 

- 

ns 

C DH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

ns 


A.C. TEST CONDITION 

Output Load 
Input Pulse Level 
Timing Measurement 
Reference Level 
tr, tf 


: lOOpF + 1 TTL Gate 
: 0.6V, 2.4V 
V IN : 0.8V, 2.2V 
Vout - 0.8V, 2.2V 
: 5ns 
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TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 


TIMING WAVEFORMS 
READ CYCLE (1) 



WRITE CYCLE 1 (4) (R/W Controlled Write) 
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TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 

WRITE CYCLE 2 (4) (CFl Controlled Write) 



WRITE CYCLE 3 (4) (CE2 Controlled Write) 








TC5565APL-10, TC5565APL-12, TC5565API-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 


Note 1. R/W is High for Read Cycle. 

2. Assuming that CEl Low transition of CE2 High transition occurs coincident 
with or after R/W Low transition, Outputs remain in a high impedance state. 

3. Assuming that CEl High transition or CE2 Low transition occure coincident 
with or prior to R/W High transition. Outputs remain in a high impedance 
state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance 
state during this period. 


DATA RETENTION CHARACTERISTICS (Ta=0~70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

v D H 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

I DDS2 

Stand by Supply Current 

V DD =3.0V 

- 

- 

50 

UPi 

Vdd“ 5 * 5V 

- 

- 

100 

t CDR 

Chip Deselection to Data Retention Mode 

0 

- 

- 

US 

t R 

Recovery Time 

tRCCl) 

- 

- 

US 


La (1) : Read cycle time. 


CEi Controlled Data Retention Mode (2) 



CE 2 Controlled Data Retention Mode (4) 



— D-25 — 
























TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC556SAFL-10, TC5565AFL-12, TC5565AFL-15 


Note 2 : In CEl controlled data retention mode, minimum standby current mode is 
achieved under the condition of CE2^0.2V or CE2 2V. 

3 : If the Vih of CEl is 2.2V in operation, IqdSI current flows during the 

period that the Vqd voltage is going down from 4.5V to 2.4V. 

4 : In CE2 controlled data retention mode, minimum standby current mode is 

achieved under the condition of CE2^0.2V. 

DEVICE INFORMATION 

The TC5565APL/AFL is an synchronous RAM using address activated circuit technology, 
thus the internal operation is synchronous. Then once row address change occur, 
the precharge operation is executed by internal pulse generated from row address 
transient. Therefore the peak current flows only after row address change, as 
shown in the following figure. 

This peak current may induce the noise on Vdd/GND lines. Thus the use of about 
O.ljiF decoupling capacitor for every device is recommended to eliminate such noise. 


ADDRESSES 


I DDO 

(mA) 



V D d=&5V 

V IH =&3V 

Vi L = C12V 

Horizon 100ns /div 


Pig. TYPICAL CURRENT WAVEP0R14S 
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TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 


DIP 28 PIN OUTLINE DRAWING (6D28A-P) 


Unit in 



MFP 28 PIN OUTLINE DRAWING (F28GC-P) 


Unit in mm 

























TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 



TOSHIBA MOS MEMORY PRODUCTS 


8,192 WORD X 8 BIT 
CMOS STATIC RAM 

SILICON GATE CMOS 


TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-15L 


DESCRIPTION 

The TC5565APL/AFL is 65,536 bit static random 
access memory organized as 8,1 92 words by 8 bits 
using CMOS technology, and operates from a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and maximum 
access time of 10Ons/120ns/1 50ns. When CE 2 is a 
logical low or CEi is a logical high, the device is 
placed in low power standby mode in which standby 
current is 0.6/xA typically. The TC5565APL/AFL has 
three control inputs. Two chip enables (CE.i, CE 2 ) 
allow for device selection and data retention control, 
and an output enable input (OE) provides fast mem¬ 


ory access. Thus the TC5565APL/AFL is suitable for 
use in various microprocessor application systems 
where high speed, low power, and battery back up 
are required. 

The TC5565APL/AFL also features pin compati¬ 
bility with the 64k bit EPROM (TMM2764D). RAM 
and EPROM are then interchangeable in the same 
socket, resulting in flexibility in the definition of the 
quantity of RAM versus EPROM in microprocessor 
application systems. 

The TC5565APL is offered in a dual-in-line 28 pin 
standard plastic package. The TC5565AFL is offered 
in 28 pin mini flat package. 


FEATURES 

• Low Power Dissipation 
27.5mW/MHz (Max.) Operating 

• Standby Current : 1 (Max.) Ta = 25“C 

• Access Time 

TC5565APL/AFL-1 OL : 100ns (Max.) 
TC5565APL/AFL-1 2L : 120ns (Max.) 
TC5565APL/AFL-1 5L : 1 50ns (Max.) 


PIN CONNECTION (TOP VIEW) 


TC5565APL AFL 


PIN NAMES 


64k bit EPROM 
TMM2764D 


- v 

£1 

J - 

28 

3 

VDD 

vppr 


28 3 

l 2 

27 

3 

K/W 

Al2t 

2 

27 ] 

C 3 

26 

3 

OE 2 

A 7 E 

3 

26 3 

4 

25 

3 

AP 

AeC 

4 

25 ] 

5 

24 

3 

AO 

Ast 

5 

24 3 

[ 6 

23 

3 

A] \ 

A4£ 

6 

23 ] 

7 

22 

3 

£TeC 

A3E 

7 

22 3 

£ 8 

21 

3 

A 10 

A2E 

8 

21 3 

[ 9 

20 

3 

CEi 

Alt 

9 

20] 

[ 10 

19 

3 

I/Oe 

AO [ 

10 

19 ] 

c 11 

18 

3 

I/O 7 

OOE 

11 

18] 

£ 12 

17 

3 

1/06 

0l£ 

12 

17] 

C 13 

16 

3 

1/05 

02£ 

13 

16 3 

C 14 

15 

3 

I/O 4 

QNDC 

14 

15 3 


> 

0 

l 

> 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

o| 

m 

0 

m 

Chip Enable Inputs 

l/Oi-l/Os 

Data Inputs/Outputs 

Vdd 

Power ( + 5V) 

GND 

Ground 

N. C. 

No Connection 


• 5V Single Power Supply 

• Power Down Features : CE2, CEI 

• Fully Static Operation 

• Data* Retention Supply Voltage : 2.0 ~~ 5.5V 

• Directly TTL Compatible 

: All Inputs and Outputs 

• Pin Compatible with 2764 type EPROM 

• TC5565APL Family (Package Type) 


Package Type 

Device Name 

600 mil DIP 

TC5565APL 

300 mil DIP 
| (Slim Package) 

*TC5563APL 

'...4 

Flat Package(SOP) 

TC5565AFL 


* : See TC5563APL Technical Date. 


BLOCK DIAGRAM 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-15L 


OPERATION MODE 


OPERATION MODE 

CEi 

ce 2 

OE 

R/W 

: 

Q 

O 

POWER 

Read 

L 

H 

L 

H 

Dout 

Iddo 

Write 

L 

H 

* 

L 

Din 

Iddo 

Output Deselect 

L 

H 

H 

H 

High-Z 

Iddo 

Standby 

H 

* 

* 

* 

High-Z 

Idds 

* 

L 

* 

* 

High-Z 

Idds 


* : H or L 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3-7.0 

V 

VlN 

Input Voltage 

— 0.3* —7.0 

V 

Vi/o 

Input and Output Voltage 

— 0.5—Vdd+O. 5 

V 

Pd 

Power Dissipation 

1 .0/0.6** 

W 

Tsolder 

Soldering Temperature 

260-10 

C-Sec 

Tstg 

Storage Temperature 

-55-150 

°C 

Topr 

Operating Temperature 

0-70 

°C 


* ; —3.0V at Pulse width 50ns Max. 

* * : Flat package 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

Vih 

Input High Voltage 

2.2 

- 

Vdd+0.3 

V 

VlL 

Input Low Voltage 

-0.3* 

- 

0.8 

V 

i 

o 

> 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


* : —3.0V at Pulse width 50ns Max. 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-15L 


D. C.and OPERATING CHARACTERISTICS (Ta=0~70C. Vdd=5V±io%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

VIN = 0 ~ Vdd 

- 

- 

± 10 

ma 

•oh 

Output High Current 

V 0 h - 2.4V 

-10 

- 

- 

mA 

lOL 

Output Low Current 

VoL = 0.4V 

4.0 

- 

- 

mA 

Ilo 

Output Leakage Current 

CE t = Vih or CE 2 = Vil or 

R/W = V| L or OE = V, H 
v OUT ~ 0 ~ V DD 

- 

- 

±1.0 

ma 

Iddoi 

Operating Current 

V D d = 5.5V 

CE 1 =V IL 

CEi = V| H 

Other input = 
V,h/V| L 

Iout = OmA 

tcycle ~ 1 Oms 

- 

- 

10 

mA 

TC5563APL-10 

TC5563AFL-10 

tcycle = 100ns 

- 

- 

45 

mA 

TC5563APL-12 

TC5563AFL-12 

tcycle = 120ns 

- 

- 

40 

mA 

TC5563APL-15 
TC5563AFL-15 

tcycle = 150ns 

- 

- 

35 

mA 

1 DD02 

Vdd = 5.5V 

CEj = 0.2 V 

CE 2 = V dd - 0.2V 
Other input = 
V D d-0.2V/0.2V 
Iqut = OmA 

tcycle — TO/is 


- 

- 

5 

mA 

TC5563APL-10 

TC5563AFL-10 

tcycle = 100ns 

- 

- 

40 

mA 

TC5563APL-12 

TC5563AFL-12 

tcycle = 1 20ns 

- 

- 

35 

mA 

TC5563AP L-15 
TC5563AFL-15 

tcycle = 150ns 



30 

mA 

Iddsi 

Standby Current 

CE! = Vih or CE 2 = Vil 


- 

3 

mA 

* 1 DDS2 

Standby Current 

CE, = V DD -0.2Vor 

CEj = 0.2V 

Ta - 25° C 

- 

0.6 

1.0 

ma 

Ta B 0' v 70° C 

- 


30 


* : In standby mode with CE, > V DD -0.2V, these specification limits are guaranteed under the condition of CE 2 > V DD —0.2V 
or CE 2 £ 0.2V. 


CAPACITANCE (Ta = 25*C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

ClN 

Input Capacitance 

Vin = GND 

10 

PF 

COUT 

Output Capacitance 

Vout=GND 

10 

pF 


Note : This parameter periodically sampled is not 100% tested. 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-I2L, TC5565AFL-15L 


A. C. CHARACTERISTICS (Ta=0~70°C, Vdd=5V±10%) 


Read Cycle 




TC5565APL-10L 

TC5565APL-12L 

TC5565APL-15L 


SYMBOL 

PARAMETER 

TC5565AFL-10L 

TC5565AFL-12L 

TC5565AFL-15L 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

100 

- 

120 

- 

150 

- 


tACC 

Address Access Time 

- 

100 

- 

120 

~ 

150 


tcoi 

CE1 Access Time 

- 

100 

- 

120 

- 

150 


tC02 

CE2 Access Time 

- 

100 

- 

120 

- 

150 

ns 

tOE 

Output Enable to Output Valid 

- 

50 

- 

60 

- 

70 


tCOE 

Chip Enable (CEl, CE2) to 

Output in Low-Z 

10 

- 

10 

- 

15 

- 


to EE 

Output Enable to Output in Low-Z 

5 

- 

5 

- 

5 

- 


tOD 

Chip Enable (CEl , CE2) to Output in High-Z 

- 

35 

- 

40 

- 

50 


tODO 

Output Enable to Output in High-Z 

- 

35 

- 

40 

- 

50 


tOH 

Output Data Hold Time 

20 

- 

20 

- 

20 

- 



Write Cycle 




TC5565APL-10L 

TC5565APL-12L 

TC5565APL-15L 


SYMBOL 

PARAMETER 

TC5565AFL-10L 

TC5565AFL-12L 

TC5565AFL-15L 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

100 

— 

120 


150 

- 


twp 

Write Pulse Width 

60 

- 

70 


90 

- 


tew 

Chip Selection to End of Write 

80 

- 

85 

- 

100 

- 


tAS 

Address Set up Time 

0 


0 

- 

0 

- 


tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

ns 

tODW 

R/W to Output in High-Z 

- 

35 

- 

40 

- 

50 


tOEW 

R/W to Output in Low-Z 

5 

- 

5 

- 

10 

- 


tos 

Data Set Up Time 

40 

- 

50 

- 

60 

- 


tDH 

Data Hold Time 

0 

- 

0 

- 

0 

- 



A. C. TEST CONDITIONS 


Output Load 
Input Pulse Level 
Timing Measurement 
Reference Level 

tr, tf 


: 10OpF+1 TTL Gate 
: 0.6V, 2.4V 
Vin : 0.8V, 2.2V 
Vout : 0.8V, 2.2V 
: 5ns 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-15L 


TIMING WAVEFORMS 

• READ CYCLE (1) 


tRC 



• WRITE CYCLE 1 (4) (R/W Controlled Write) 


ADDKEtfi 


R/W 


CE 2 


ce 1 


d out 


d in 


t WG 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-121 TC5565AFL-15L 

• WRITE CYCLE 2 (4) (CEi Controlled Write) 


t WC 



• WRITE CYCLE 3 (4) (CEz Controlled Write) 
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TC5565APL-10L, TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L, TC5565AFL-12L, TC5565AFL-15L 


Note : 

1 . R/W is High for Read Cycle. 

2 . Assuming that CEi Low transition of CE 2 High transition occurs coincident with or after R/W Low transition, Outputs 

remain in a high impedance state. 

3. Assuming that CEi High transition or CE 2 Low transition occure coincident with or prior to R/W High transition, 
Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 


DATA RETENTION CHARACTERISTICS (Ta = 0~70'C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vnu 

Data Retention Supply Voltage 

2.0 


5.5 

V 

1 D D S 2 

Stand by Supply Current 

Vdd = 3.0V 

- 

- 

15 


Vdd = 5.5V 

- 

- 

30 

tCDR 

Chip Deselection to Data Retention Mode 

0 

TT 


M S 

tR 

Recovery Time 

tRC * 

- 

- 

AS 


* : Read cycle time. 


• CEi Controlled Data Retention Mode (1) 



• CE 2 Controlled Data Retention Mode (3) 
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TC5565APL-10L TC5565APL-12L, TC5565APL-15L 
TC5565AFL-10L. TC5565AFL-12L, TC5565AFL-15L 


N°t e : 

1. In CEi controlled data retention mode, minimum standby current mode is achieved under the condition of CE 2 ^ 
0.2V orCE 2 j=_VDD —0.2V. 

2. If the Vih of CEi is 2.2V in operation, Iddsi current flows during the period that the Vdd voltage is going down from 
4.5V to 2.4V. 

3. In CE 2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE 2 ^ 
0.2V. 


DEVICE INFORMATION 


The TC5565APL/AFL is an asynchronous RAM 
using address activated circuit technology, thus the 
internal operation is synchronous. Then once row 
address change occur, the precharge operation is 
executed by internal pulse generated from row 
address transient. Therefore the peak current flows 
only after row address change, as shown in the 
following figure. This peak current may induce the 
noise on V dd /GND lines. Thus the use of about 
0.1 /iF decoupling capacitor for every device is 
recommended to eliminate such noise. 



• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 



Note : Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center of each lead that is obtained on the basis 
of No.1 and No.28 leads. 


• MFP 28 PIN OUTLINE DRAWING (F28GA-P) 


28 15 



Note : Lead pitch is 1 .27 and tolerance is ±0.12 against theoretical center of each lead that is obtained on the basis 
of No.1 and No.28 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 


TC55257APL-85/APL-10/APL-12 
TC55257AFL-85/AFL-10/AFL-12 

The TC55257APL is 262,144 bit static random access memory organized as 32,768 words 
by 8 bits using CMOS technology, and operated from a single 5V supply. Advanced cir¬ 
cuit techniques provide both high speed and low power features with a operating current 
of 5mA/MHz (Typ.) and minimum cycle time of 85ns. When CE is a logical high, the 
device is placed in low power standby mode in which standby current is 2pA typically. 

The TC55257APL has two control inputs. Chip enable (CE) allow for device selection and 
data retention control, and an output enable input (OE) provides fast memory access. 

Thus the TC55257APL is suitable for use in various microprocessor application systems 
where high speed, low power, and battery back up are required. The TC55257APL is of¬ 
fered in both a standard dual-in-line 28 pin plastic package (0.6 inch width) and 
small-out-line plastic flat package. 

[features] 



• Low Power Dissipation 

27.5mW/MHz(Typ.) Operating 

• Standby Current 

100yA (Max.): 

TC55257APL-85/AFL-85 
APL-10/AFL-10 
APL-12/AFL-12 

• 5V Single Power Supply 

• Power Down Feature: CE 

j pin conuectiom; (top view) 


• Data Retension Supply Voltage: 2.0^ 5.5V 

• Access Time 



TC 55257 APL-85 
TC 55257 AFL- 85 

TC 55257 APL-10 
TG55257AFL-10 

TC 55257APL-12 
TC 55257 AFL-12 

Access Time(Max.) 

85ns 

100ns 

120ns 

Chip Enable Access 
Time (Max.) 

85ns 

100ns 

120ns 

Output Enable Time 
(Max.) 

45ns 

50ns 

60ns 


• Directly TTL Compatible: All Inputs and Outputs 

• Plastic DIP and Plastic FP Package 
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TC55257APL-85/APL-10/APL-12 
TC55257AFL-85/AFL-10/AFL-12 


I OPERATION MODE 


OPERATION MODE 

mm 

mm 


I/Ol -vI/08 

POWER 

Read 

mm 

mm 


d OUT 


Write 

L 


L 

d in 


Output Deselect 

L 


H 

High-Z 


Stndby 

H 

B 

* 

High-Z 



*) H or L 


|MAXIMUM RATINGS! 

SYMBOL 

ITEM 

RATING 

UNIT 

V DD 

Power Supply Voltage 

-0.3 o, 7.0 

V 

V IN 

Input Voltage 

-0.3* 0 , 7 .0 

V 

Vl/O 

Input and Output Voltage 

-0.5 ^V dd +0.5 

V 

Pd 

Power Dissipation 

1.0 

w 

^solder 

Soldering Temperature 

260 * 10 

°C • sec 

T strg 

Storage Temperature 

-55 a,150 

°C 

T opr 

Operating Temperature 

0 o,70 

°C 


*) -3.0V at pulse width 50ns 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VDD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

VlH 

Input High Voltage 

2.2 

- 

V dd +0.3 

V 

VlL 

Input Low Voltage 

-0.3* 

- 

0.8 

V 

V DH 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


*) -3.0V at pulse width 50ns 
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TC55257APL-85/APL-10/APL-12 
TC55257AFL-85/AFL-10/AFL-12 


!D.C. and OPERATING CHARACTERISTICS! (Ta=Oa 70°C, V DD =5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

V IN =0 ^ V DD 

- 

- 

±1.0 

yA 

I OH 

Output High Current 

V OH =2.4V 

-1.0 

- 

- 

mA 

lOL 

Output Low Current 

V 0l =0.4V 

4.0 

- 

- 

mA 

Ilo 

Output Leakage Current 

CE=Vjh or R/W=V il or 0E=V IH 

V OUT =0 ' 1jV DD 


- 

±1.0 

pA 

X DD01 

Operating Current 

V DD =5.5V 

ce=v il , r/w=v ih 

Other Input 

=Vih/V IL 

l0UT = ^ rrL ^ 

^cycle 

- 

10 

- 

mA 

t cycle == 

Min. cycle 

- 

- 

70 

l mo2 

V DD =5.5V 

CE=0.2V, 
R/W=Vd D -°.2V 

Other Input 

=V dd -0.2V/0.2V 

Iqut”^ 11 ^ 

t cycle = ^ ys 

- 

5 


mA 

t cycle = 

Min. cycle 

- 

- 

60 

t DDS1 

Standby Current 

ce=v ih 

- 

- 

3 

mA 

I DDS2 

Standby Current 

CE=V D d-0.2V 
V dd =2.0^ 5.5V 

Ta=0o, 70°C 

- 

2 

100 

! yA 


|CAPACITANCE] (Ta=25°C, f=lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

ClN 

Input Capacitance 

v in =gnd 

10 

pF 

Coot 

Output Capacitance 

v out =gnd 

10 

pF 


Note: This parameter periodically sampled is not 100% tested. 
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TGS5257APL-SS/APL-10/APL-12 
TC55257AFL-85/AFL-10/AFL-12 


A.C. CHARACTERISTICS] (Ta=0^70°C, V DD =5V±10%) 
READ CYCLE 


SYMBOL 

PARAMETER 

TC55257APL-85 
TC552 57AFL-85 

TC55257APL-10 
TC55257AFL-10 

TC552 57APL-12 
TC55257AFL-12 




MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


tRC 

Read Cycle Time 

85 

- 

100 

- 

120 

- 

■ ■ 

t-ACC 

Address Access Time 

- 

85 

- 

100 

- 



tco 

CE Access Time 

- 

85 

- 

100 




tOE 

Output Enable to Output in Valid 

- 

45 

- 

50 

- 

60 


tCOE 

Chip Enable (CE) to Output in 

Low-Z 

10 

- 

10 

- 

10 

H 

ns 

tOEE 

Output Enable to Output in Low-Z 

5 

- 

5 

- 

5 

- 


tOD 

Chip Enable (CE) to Output in 
High-Z 


30 

| 

50 

- 

60 


tODO 

Output Enable to Output in High-Z 


30 


40 

- 

50 


*-OH 

Output Data Hold Time 


- 


- 


- 



WRITE CYCLE 


SYMBOL 

PARAMETER 

TC55257APL-85 

TC55257AFL-85 

T055257APL-10 
TC 6525 7AFL-10 

TC 552 57APL-12 
TC55257AFL-12 




MIN. 

MAX. 

MIN. 

MAX. 

MIN. 




Write Cycle Time 

85 

- 

100 

- 

120 

- 



Write Pulse Width 

60 


70 


80 

- 


c CW 

Chip Selection to End of Write 

65 

- 

90 


100 

- 


tAS 

Address Set up Time 

0 

- 

0 

- 

0 

- 


mm 

Write Recovery Time 

5 

- 

5 

- 


- 

ns 


R/W to Output High-Z 

- 

30 

- 

50 

- 




R/W to Output Low-Z 

10 

- 

10 

- 




BB|| 

Data Set up Time 

40 

- 

40 

- 


- 



Data Hold Time 

0 

- 

0 

- 


- 



A.C. TEST CONDITIONS 

Output Load : 

Input Pulse Level : 
Timing Measurement: 
Reference Level : 
t r , tf : 


lOOpF + 1 TTL Gate 
0.6V, 2.4V 
0.8V, 2.2V 
0.8V, 2.2V 
5ns 
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TC55257APL-85/APL-10/APL-12 
TC55257AFL-85/AFL-1O/AFL-12 


WRITE CYCLE 2 ( 4 ) (CE Controlled Write) 



Note: 1. R/W is High for Read Cycle. 

2. Assuming that CE low transition occurs coincident with or after R/W 
Low transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to 
R/W High transition, Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high 
impedance state during this period. 
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TC55257APL-85/APL-10/APL-12 
TC55257AFL-85/AFL-10/AFL-12 


DATA RETENTION CHARACTERISTICS! (Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V DH 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

I DDS2 

Standby Supply Current 

V DH =3.0V 

- 

- 

50 

PA 

V dh =5.5V 

- 

- 

100 

tCDR 

Chip Deselection to Data Retention Mode 

0 

- 

- 

ys 

tR 

Recovery Time 

t RC(l) 

- 

- 


Note (1): Read Cycle Time. 


CE Controlled Data Retention Mode 



Note (2): If the of CE is 2.2V in operation, Ippsi current flows during 
the period that the Vpp voltage is going down from 4.5V to 2.4V. 
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TC55257APL-85/APL-10/APL-12 
TC55257AFL-85/AFL-10/AFL-12 


DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

Unit in mm 


28 15 



Note: Lead pitch is 2.54 and tolerance is ±0.25 against theoretical 
center of each lead that is obtained on the basis of No.l and 
No.28 leads. 

MFP 28 PIN OUTLINE DRAWING (F28GA-P) 

28 15 


nnnnnnnnnnnnnn 



Note: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical 
center of each lead that is obtained on the basis of No.l and 
No.28 leads. 
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TOSHIBA BIOS MEMORY PRODOCTS 


TC55257 BPL-70/BPL-85/BPL-10, TC55257BSPL-70/BSPL-85/BSPL-10 
TC55257 BFL-7 O/BFL-85/ BFL-10 


Idescription] 


The TC55257BPL is 262,144 bit static ramdom access memory organized as 32,768 words 
by 8 bits using CMOS technology, and operated from a single 5V supply. Advanced 
circuit technique provide both high speed and low power features with a operating 
current of 5mA /MHz (Typ.) and minimum cycle time of 70ns. 

When CE is a logical high, the device is placed in low power standby mode in 
which standby current is 2uA typically. The TC55257BPL has two control inputs. Chip 
enable (CE) allow for device selection and data retention control, and an output 
enable input (OE) provides fast memory access. Thus the TC55257BPL is suitable for use 
in various microprocessor application systems where high speed, low power, and battery 
back up are required. 

The TC55257BPL is offered in both a standard dual-in-line 28pin plastic package 
(0.6/0.3 inch width) and small-out-line plastic flat package. 

|features[ 


• Low Power Dissipation 

27.5mW/MHz(Typ.) Operating 

• Standby Current 

100yA(Max.): 

TC55257 BPL-70/BFL-7 0/BSPL-70 
BPL-85/BFL-85/BSPL-85 
BPL-10/BFL-10/BSPL-10 

• 5V Single Power Supply 

• Power Down Feature: CE 

I PIN CONNECTION j (TOP VIEW) 


• Data retention Supply Voltage: 2.0^5.5V 

• Access Time 



TC55 257 BPL-70 
TC5 5 257 BF L—70 
TC55257BSPL—7 0 

TC55257BPL—8 5 
TC55257BFL—8 5 
TC55257 BSPL-8 5 

TC5 525 7 BPL-1 0 

TC55257 BFL—10 

TC5525TBS PL — 1 0 

Access Time (max.) 

7 0ns 

85ns 

100ns 

Chip Enable Access 
Time (max.) 

70ns 

85ns 

100 ns 

Output Enable Time 
(Max.) 

40ns 

45ns 

50ns 


Directly TTL Compatible: All Inputs and Outputs Plastic 
DIP, Plastic FP Package and Plastic Slim Package 


A I 4 C 
A1 2 C 

A7[ 
A 6 C 
A5C 
A4[ 
A3 C 


A2 □ 8 


Alt 
AO C 
1/01 t 
1/02 C 

1/03 C 

GN D f 


|PIN NAMESl 


28 ] V DD 
27 ] H/VV 
26 ] A13 
25 ] A8 
24 D A9 
23 ]A1 1 
22 3 OE 
21 ] A10 
20 ] CE 
19 D 1/08 
18 3 1/07 
17 3 1/06 
16 3 1/05 
15 3 1/04 


BLOCK DIAGRAM 


A0 'v A14 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

CE 

Chip Ertable Input 

1/01 %I/08 

Data Input/Output 

VDD 

Power (+5V) 

GND 

Ground 
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TC55257 BPL-70/BPL-85/BPL-10, TC55257 BSPL-70/BSPL-85/BSPL-10 
TC55257BFL-70/BFL-85/BFL-10 


lOPERAT ION MODE] 


OPERATION MODE 

CE 

OE 

R/W 

1/01 -v.I/08 

POWER 

Read 

L 

L 

H 

d OUT 

I DDO_ 

Write 

L 

* 

L 

Din 


Output Deselect 

L 

H 




Standby 

H 

* 

* 

High-Z 



*) H or L 


[MAXIMUM RATINGSl 


SYMBOL 

ITEM 

RATING 

UNIT 

vdd 

Power Supply Voltage 

-0.3 W.O 

V 

VlN 

Input Voltage 

-0.3* 'W.O 

V 

v I/0 

Input and Output Voltage 

—0.5 'v Vj)j)+0.5 

V 

P D 

Power Dissipation 

1.0 (0.6)** 

W 

Tsolder 

Soldering Temperature 

260 • 10 

°C • sec 

Tstrg 

Storage Temperature 

-55 W50 

°C 

^opr 

Operating Temperature 

O'v 70 

°C 


*) -3.0V at pulse width 50ns 
**) SOP 


D.C. RECOMMENDED OPERATING CONDITIONS! 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 


Power Supply Voltage 

mam 

5.0 

5.5 

V 

VlH 

Input High Voltage 

S£5 

- 

Vdd+0.3 

V 


Input Low Voltage 


- 

0.8 

V 


Data Retention Supply Voltage 


- 

5.5 

V 


*) -3.0V at pulse width 50ns 
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TC55257 BPL-7Q/BPL-85/BPL-10, TC55257 BSPL-70/BSPL-85/BSPL-10 
TC55257BFL-70/BFL-85/BFL-10 


1 D.C. and OPERATING CHARACTERISTICS] (Ta=0-W0°c, v dd =5v±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

V IN =0 'v Vdd 

_ ~ _ 

- 



1 OH 

Output High Current 

v OH=2. AV 


- 

- 

| 

I OL 

Output Low Current 

V 0 L=0.4V 


- 

- 

IPPB 

Ilo 

Output Leakage Current 

CE=V ih or R/W=V il or OE=V IH 
V OUT“° % V DD 


B 


ma 

I DD01 

Operating Current 

VDD-5.5V 

ce=v il , r/w=v ih 

Other Input 
=W V IL 

I OUT“ 0raA 

t cycle =lus 

- 



mA 

tcycle- 

Min. cycle 

1 

i 


I DD02 

V DD -5.5V 

CE=0.2V 
R/W=V DD -0.2V 
Other Input 

=V dd -0.2V/0.2V 

IOUT=OmA 

1 

^cycle^vi s 

- 

5 

- 

mA 

t cycle“ 

Min. cycle 

1 

i 

60 

I DDS1 

Standby Current 

ce=v ih 


i 

3 

BB 

: DDS2 

Standby Current 

CE=Vpp-0.2V 
V ud =2.0 ^5.5V 

Ta=0 -WO'C 

1 

B 

100 



|CAPACITANCE] (Ta=25°C, f=lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C IN 

Input Capacitance 

v in =gnd 

10 

pF 

c OUT 

Output Capacitance 

VquT = GND 

10 

pF 


Note: This parameter periodically sampled is not 100% tested. 
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TC55257 BPL-7O/BPL-85/BPL-10, TC55257 BSPL-70/BSPL-85/BSPL-10 
TC55257 BFL-70/BFL-85/BFL-10 


[AqC. CHARACTERISTICS! (Ta=0^70°C, V DD =5V±10%) 
READ CYCLE 


SYMBOL 

PARAMETER 

TC55257BPL—70 
TC55 257BFL—70 
TC55257BSPL—70 

TC552 57 BPL—85 
TC5 5 257 BFL—8 5 
TC55257BSPL-85 

TC55 25 7BPL—10 
TC5525 7BFL—10 
TC55 25 7 BSPL—10 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

70 

- 

85 



- 

ns 

t ACC 

Address Access Time 

- 


- 


- 

100 

c CO 

CE Access Time 

- 

70 

- 

85 


100 

t OE 

Output Enable to Output in Valid 

- 

40 

0 

45 


50 

t COE 

Chip Enable (CE) to Output in 

Low 

10 

- 

10 



- 

t OEE 

Output Enable to Output in Low-Z 

5 

- 

5 


5 

- 

t OD 

Chip Enable (CE) to Output in 
High-Z 

- 

30 

■ 


I 


*-ODO 

Output Enable to Output in High-Z 


30 

- 




tQH 

Output Data Hold Time 

10 

- 




- 


WRITE CYCLE 


SYMBOL 

PARAMETER 

TC55257BPL - 70 
TC5 52 5 7 BFL—70 
TC55257BSPL-70 

TC5 5 257 BPL—85 
TC5525 7BFL—85 
TC5 5 25 7 BSPL—85 

TC5 5 257 BPL—10 
TC55257BFL—10 
TC55 257BSPL—10 




MIN. 





Write Cycle Time 

70 

- 

85 

- 


- 


tx.m 

Writs P ul s s Widt h 

cn 

- 

cn 

KJ\J 

- 

7 0 

- 


cw 

Chip Selection to End of Write 

60 

- 

65 

- 

90 

- 


C AS 

Address Set up Time 

0 

- 

0 

- 

0 

- 


C WR 

Write Recovery Time 

5 

- 

5 

- 

5 

- 

ns 

t ODW 

R/W to Output High-Z 

- 

30 

- 

30 

- 

50 


t OEW 

R/W to Output Low-Z 

5 

- 

5 

- 

5 

- 


t DS 

Data Set up Time 

30 

- 

40 

- 

40 

- 


t DH 

Data Hold Time 

0 

- 

0 

- 

0 

- 



A.C. TEST CONDITIONS 

Output Load : 
Input Pulse Level : 
Timing Measurement: 
Reference Level : 
tr, tf : 


100pF 

+ 1 TTL Gate 

0.6V, 

2.4V 

0.8V, 

2.2V 

0.8V, 

2.2 V 

5ns 
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TC55257 BPL-70/BPL-85/BPL-10, TC55257 BSPL-70/BSPL-85/BSPL-10 
TC55257 BFL-70/BFL-85/BFL-10 


TIMING WAVEFORMS 
READ CYCLE (1) 



WRITE CYCLE 1 (4) (R/W Controlled Write) 
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TC55257 BPL-70/BPL-85/BPL-10, TG55257 BSPL-70/BSPL-85/BSPL-10 
TC55257 BFL-70/BFL-85/BFL-10 


WRITE CYCLE 2 (CE Controlled Write) 



Note: 1. R/W is High for Read Cycle 

2. Assuming that CE low transition occurs coincident with or after R/W 
Low transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to 
R/W High transition, Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high 
impedance state during this period. 
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TC55257 BPL-70/BPL-85/BPL-10, TC55257 BSPL-70/BSPL-85/BSPL-10 
TC55257 BFL-70/BFL-85/BFL-10 


DATA RETENTION CHARACTERISTICS (Ta=0-WO'C) 


PARAMETER 


Vdh I Data Retention Supply Voltage 


Standby Supply Current 


MIN. TYP. MAX. UNIT 



V D H=3.0V 

VDH=5.5V 


tR Recovery Time 



Note (1): Read Cycle Time. 


CE Controlled Data Retention Mode 



Note (2): If the V IH of CE is 2.2V in operation, Ippsi current flows during 
the period that the V DD voltage is going down from A.5V to 2.4V. 
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TC55257BPL-70/BPL-85/BPL-10. TC55257BSPL-70/BSPL-85/BSPL-10 
TCS5257 BFL-70/BFL-85/BFL-10 


OUTLINE DRAWINGS] (DIP28-P-600). 


Unit in mm 



Note: Package width and length do not include mold protrusion, allowable mold 

protrusion is 0.15mm. 
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TC55257 BPL-70/BPL-85/BPL-10, TC55257BSPL-7O/BSPL-85/BSPL-10 
TC55257 BFL-70/BFL-85/BFL-10 


(SOP28-P-450) 

Unit in mm 





Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is 0.15mm. 
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TC55257BPL-70/BPL-85/BPL-10, TC55257 BSPL-70/BSPL-85/BSPL-10 
TC55257 BFL-70/BFL-85/BFL-10 


OUTLINE DRAWINGS 

• Plastic DIP (DIP28-P-300B) 



Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is 0.15mm. 
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TC55257 BPL-70/BPL-85/BPL-10, TC55257 BSPL-70/BSPL-85/BSPL-10 
TC55257 BFL-70/BFL-85/BFL-10 
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TC55257BPL-70/BPL-85/BPL-10, TC55257BSPL-70/BSPL-85/BSPL-10 
TC55257BFL-70/BFL-85/BFL-10 



TOSHIBA MOS MEMORY PRODUCTS 


TC55257APL-85 L/APL-10L/APL-12L 
TC55257AFL-85L/AFL-1OL/AFL-12L 

description! 

The TC55257APL is 262,144 bit static random access memory organized as 32,768 
words by 8 bits using CMOS technology, and operated from a single 5V supply. Advanced 
circuit techniques provide both high speed and low power features with a operating 
current of 5mA/MHz (Typ.) and minimum cycle time of 85ns. When ^ is a logical high, 
the device is placed in low power standby mode in which standby current is 2pA 
(Ta-25°C). The TC55257APL has two control inputs. Chip enable (CE) allow for device 
selection and data retention control, and an output enable input (OE) provides fast 
memory access. Thus the TC55257APL is suitable for use in various microprocessor 
application systems where high speed, low power, and battery back up are required. 

The TC55257APL is offered in both a standard dual-in-line 28 pin plastic package 
(0.6 inch width) and small-out-line plastic flat package. 


FEATURES 


• Low Power Dissipation 

27.5mW/MHz(Typ.) Operating 

• Standby Current 

2uA(Max.)s TC55257APL-85L/AFL-85L 
(Ta=25°C) APL-10L/AFL-10L 

APL-12L/AFL-12L 

• 5V Single Power Supply 

• Power Down Feature: CE 

• Data Retension Supply Voltage: 

2.0^ 5.5V 

I PIN CONNECTION! (TOP VIEW) 


A14 [ 

T"^ 

^ 28 

] V DD 

Al 2 C 

2 

27 

JR/W 

A7[ 

3 

26 

]A13 

A6[ 

4 

25 

3A8 

A5 [ 

5 

24 

] A9 

A4[ 

6 

23 

3 All 

A3 E 

7 

22 

3oe 

A2[ 

8 

21 

3 aio 

A1C 

9 

20 

3 CE 

AO £ 

10 

19 

]I/08 

i/oiC 

11 

18 

3 3X07 

I/02C 

12 

17 

31/06 

I/O 3 E 

13 

16 

31/05 

QND[ 

14 

15 

31/04 


PIN NAMES] 


AO ^ A14 

Address Inputs 

R/W 

Read/Write Control Input 

m 

Output Enable Input 

CE 

Chip Enable Input 

1/01 ^ 1/08 

Data Input/Output 

v D d 

Power (+5V) 

GND 

Ground 


• Access Time 



TC55257 

APL-85L 

/AFL-85L 

T C 55257 
APL-10L 
/AFL-10L 

TC 552 57 
APL-12L 
/AFL-12L 

Access Time(Max.) 

85ns 

100ns 

120ns 

Chip Enable 

Access Time(Max.) 

85ns 

100ns 

120ns 

Output Enable 

Time (Max.) 

45ns 

50ns 

60ns 


• Directly TTL Compatible: All Inputs and Outputs 

• Plastic DIP and Plastic FP Package 


I BLOCK DIAGRAM| 
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TC55257APL-85L/APL-1 Ol/APL-12L 
TC55257AFL-85L/AFL-1OL/AFL-12L 


OPERATION MODEl 

OPERATION MODE 

_ 

CE 

OE 

R/W 

I/01-v 1/08 

POWER 


L 


H 

d OUT 


Write 

L 


L 

din 


Output Deselect 

L 

H 

H 



Standby 

. 

H 

* 

* 




*) H or L 


MAXIMUM RATINGS! 

SYMBOL 

ITEM 

RATING 

UNIT 

V DD 

Power Supply Voltage 

-0.3 % 7.0 

V 

VlN 

Input Voltage 

-0.3*% 7.0 

V 

v I/0 

Input and Output Voltage 

-0.5 % Vpp-K) • 5 

V 

p D 

Power Dissipation 

1.0 

w 

^solder 

Soldering Temperature • Time 

260 • 10 

°C • sec 

T strg 

Storage Temperature 

-55 ^ 150 

°C 

T opr 

Operating Temperature 

0% 70 

°c 


*) -3.0V at pulse width 50ns 


Id.c. recommended OPERATING CONDITIONS! 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V DD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

VlH 

Input High Voltage 

2.2 

- 

Vdd+0.3 

V 

V IL 

Input Low Voltage 

-0.3* 

- 

0.8 

V 

V DH 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


*) -3.0V at pulse width 50ns 
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TC55257APL-85L/APL-10L/APL-12L 
TC55257AFL-85L/AFL-1 OLyAFL-12L 


1 D.C. and OPERATING CHARACTERISTICS! (Ta=0^70°C, V DD =5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

v in =0% V DD 

- 


±1.0 

uA 

I OH 

Output High Current 

V OH =2.4V 

-1.0 

- 

- 

mA 

I OL 

Output Low Current 

V 0L =0.4V 

4.0 

- 

- 

mA 

ILO 

Output Leakage Current 

CE= v IH or R/W=V il or 0 E=V ih 
VquT^ 0 ^ V DD 


- 

±1.0 

yA 

I DD01 

Operating Current 

v DD=5.5V 

ce=v il , r/w=v ih 

Other Input 

= v ih/ v il 

■^OUT =G ^A 

t-cycle--^ 3 

- 

10 

- 

mA 

t cycle =s 

Min. cycle 

- 

- 

70 

X DD02 

V dd =5.5V 

CE=0.2V, 

r/w=v dd -o.2v 

Other Input 

=V dd -0.2V/0.2V 

I OUT =0mA 

t cycle = ^P s 

- 

5 

- 

mA 

t cycle ss 

Min. cycle 

- 


60 

Tddsi 

Standby Current 

ce=v ih 

- 

- 

3 

mA 

I DDS2 

Standby Current 

ce =V dd -°.2 v 
V dd =2.0^ 5.5V 

Ta=0 ^ 70°C 

- 

- 

30 

UA 

Ta=25°C 

- 

- 

2 


CAPACITANCE] (Ta=25°C, f=lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

ClN 

Input Capacitance 

Vjn=GND 

10 

pF 

c 0UT 

Output Capacitance 

v out =gnd 

10 

pF 


Note: This parameter periodically sampled is not 100% tested. 
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TC55257APL-85L/APL-10L/APL-12L 
TC55257AFL-85L/AFL-101/AFL-12L 


Ia.c. characteristics 


(Ta-0'W0°C, V DD =5V±10%) 


READ CYCLE 


SYMBOL 

PARAMETER 

TC55257APL-85L 

TC55257AFL-85L 

TC55257APL—10L 
TC552 57AFL—10L 

TC55257APL-12L 

TC55257AFL-12L 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

t RC 

Read Cycle Time 

85 

- 

100 


120 

- 

ns 

t ACC 

Address Access Time 

- 

85 

- 

100 

- 

120 

c CO 

CE Access Time 

- 

85 

- 

100 

- 

120 

c OE 

Output Enable to Output in Valid 

- 

45 

- 

50 

- 

60 

t COE 

Chip Enable (CE) to Output in 

Low-Z 

10 

- 

10 

- 

10 

- 

tOEE 

Output Enable to Output in Low-Z 

5 

- 

5 

- 

5 

- 

c OD 

Chip Enable (CE) to Output in 
High-Z 

- 

30 

- 

50 

- 

60 

t ODO 

Output Enable to Output in High-Z 

- 

30 

- 

40 

- 

50 

c OH 

Output Data Hold Time 

5 

- ! 

10 

- 

10 

- 


WRITE CYCLE 


SYMBOL 

PARAMETER 

TC55257APL-85L 

TC55257AFL-85L 

TC5525 7APL—10L 
TC55257AFL—10L 

TC55257APL-I2L 

TC55257AFL-12L 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


t wc 

Write Cycle Time 


- 


- 


- 


C WP 

Write Pulse Width 


- 

mm 

- 


- 


tnr t 

Chip Selection of End of Write 

n 

bO 


90 

- 

100 

- 


t AS 

Address Set up Time 

0 

- 

0 

- 

0 

- 


B*1 

Write Recovery Time 

■m 

- 

wm 

- 

5 

- 

ns 


R/W to Output High-Z 

mm 

30 

mm 

50 

- 



mm 

R/W to Output Low-Z 

mm 

- 

mm 

- 

10 

- 


BM 

Data Set up Time 

Upas 

- 


- 

50 

- 


ggum 

Data Hold Time 


- 

0 

- 

0 

- 



A.C. TEST CONDITIONS 

Output Load : 
Input Pulse Level : 
Timing Measurement: 
Reference Level : 
tr» tf 


lOOpF + 1 TTL Gate 
0.6V, 2.4V 
0.8V, 2.2V 
0.8V, 2.2V 
5ns 
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TC55257APL-85L/APL-1 Ol/APL-12L 
TC55257AFL-85L/AFL-1OL/AFL-12L 


TIMING WAVEFORMS 

READ CYCLE ^ 



WRITE CYCLE 1 (R/W Controlled Write) 
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TC55257APL-85 L/APL-10L/APL-12L 
TC55257AFL-85L/AFL-10I/AFL-12L 


WRITE CYCLE 2 (A) (CE Controlled Write) 



Note: 1. R/W is High for Read Cycle. 

2. Assuming that CE low transition occurs coincident with or after R/W 
Low transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to 
R/W High transition, Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high 
impedance state during this period. 
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T055257APL-85L/APL-1OL/APL-12L 
TC55257AFL-85L/AFL-1OL/AFL-12L 


1 DATA RETENTION CHARACTERISTICS! (Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V DH 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

IDDS2 

Standby Supply Current 

_ _ _ 

V DH =3.0V 


- 

20 

pA 

V D H~5.5V 

j 

- 

30 

fc CDR 

Chip Deselection to Data Retention Mode 

0 

- 

- 

US 

tR 

Recovery Time 

t RC(l) 

- 

- 








TC55257APL-85L/APL-1 Ol/APL-12L 
TC552S7AFL-85L/AFL-1OL/AFL-12L 


DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

Unit in mm 


28 15 



Note: Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center of 
each lead that is obtained on the basis of No.l and No.28 leads. 


MFP 28 PIN OUTLINE DRAWING (F28GA-P) 


28 15 



Note: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center of 
each lead that is obtained on the basis of No.l and No.28 leads. 
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TOSHIBA IHOS MEMORY PRODUCTS 


TC55256PL-10/PL-12/PL-15 
TC55256FL-10/FL-12/FL-15 

Idescription] 

The TC55256PL/FL is 262,144 bit static random access memory organized as 32,768 
words by 8 bits using CMOS technology, and operated from a single 5V supply. Advanced 
circuit techniques provide both high speed and low power features with a operating cur¬ 
rent of 5mA/MHz(TYP.) and minimum cycle time of 100ns. When CE is a logical high, the 
device is placed in low power standby mode in which standby current is O.OlpA typically. 
The TC55256PL/FL has two control inputs. Chip enable (Cfi) allow for device selection 
and data retention control, and an output enable input (0E) provides fast memory access. 
Thus the TC55256PL/FL is suitable for use in various microprocessor application systems 
where high speed, low power, and battery back up are required. Ultra low standby power 
allow not only battery but capacitance backup. The TC55256PL/FL is offered in both a 
standard dual-in-line 28 pin plastic package (0.6 inch width) and small-out-line plastic 
flat package. 


FEATURES] 

• Low Power Dissipation 

27.5mW/MHz(TYP.) Operating 

• Standby Current 

0.2yA(MAX.) at Ta=25°C 
1.0pA(MAX.) at Ta=60°C 
10.0pA(MAX.) at Ta=85°C 

• 5V Single Power Supply 

• Fully Static Operation 


• Data Retention Supply Voltage: 2.0^ 5.5V 

• Access Time 



TC55256PL 

-lO/FL-lO 

TC55256PL 

-12/FI/-12 

TC55256PL 
-15/PL-15 

Access Time (Max.) 

100ns 

120ns 

150ns 

Chip Enable Access 

Time (Max.) 

100ns 

120ns 

150ns 

Output Enable Time(Max.) 

50ns 

60ns 

70ns 


• Directly TTL Compatible: All Inputs and Outputs 

• Plastic DIP and Plastic Flat Package 

• Wide Temperature Operation: -40^85°C 


PIN CONNECTION] (TOP VIEW) 


A14 E 
A12 £ 

A7 n 
A6 C 
A5 C 
A4C 
A3 l 
A2 C 
A1 C 9 
A0 E io 
I/Oicn 
1/02 C 12 
I/03C13 

GNDC 14 


6 


8 


28 3 
27 3 
26 3 
25 3 
243 
23 3 
22 3 
21 3 
20 3 
193 
183 
173 
163 
153 


Vdd 

R/W 

A13 

A8 

A9 

All 

OE 

A10 

CE 

1/08 

1/07 

1/06 

1/05 

3X04 


PIN NAMES] 

A0 v A14 

Address Inputs 

R/W 

Read/Write Control Input 

OE 

Output Enable Input 

CE 

Chip Enable Input 

1/01 -V 1/08 

Data Input/Output 

V DD 

Power (+5V) 

GND 

Ground 


IBLOCK DIAGRAM] 
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TC55256PL-10/PL-12/PL-l 5 
TC55256FL-10/FL-12/FL-15 


I OPERATION MODE 


OPERATION MODE 

CE 


R/W 

I/Ol^ 1/08 

POWER 

Read 

L 

L 

H 

dout 

IDDO 

Write 

L 

* 

L 

d IN 

x DDO 

Output Deselect 

L 

H 

H 

High-Z 

IDDO 

Standby 

H 

* 

* 

High-Z 

idds 


*) H or L 


MAXIMUM RATINGSi 

SYMBOL 

ITEM 

RATING 

UNIT 

V DD 

Power Supply Voltage 

-0.3 ^ 7.0 

V 

V IN 

Input Voltage 

-0.3*^ 7.0 

V 

V I/0 

Input and Output Voltage 

“0.5 'v Vpp+0.5 

V 


Power Dissipation 

1.0 (0.6)** 

W 

T solder 

Soldering Temperature 

260 • 10 

°C•sec 

T 

strg 

Storage Temperature 

-55 ^150 

°C 

^opr 

Operaring Temperature 

-4085 

°C 


*) “3.0V at pulse width 50ns 
**) SO? 


D.C. RECOMMENDED OPERATING CONDlflONSl (Ta=-40'v 85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V DD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

VlH 

Input High Voltage 

2.2 

- 

Vdd+0.3 

V 

VlL 

Input Low Voltage 

“0.3* 

“ 

0.8 

V 

V DR 

Data Retention Supply Voltage 

2.0 

“ 

5.5 

V 


*) -3.0V at pulse width 50ns 
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TC55256PL-10/PL-12/PL-15 
TC55256FL-10/FL-12/FL-15 


D.C. and OPERATING CHARACTERISTICS 


(Ta=-40 ^ 85 c C, V dd -5Vi10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

V IN -0^ Vj)D 

- 

- 

±1.0 

pA 

I 0H 

Output High Current 

V OH =2.4V 

-1.0 

- 

- 

mA 

l OL 

Output Low Current 

V 0l =0.4V 

4. 0 


- 

mA 

V OH 

Output High Voltage 

IOH = “20yA 

V DD 

-0.1 

- 

- 

V 

v OL 

Output Low Voltage 

I OL =20yA 

- 

- 

0.1 

V 

Ilo 

Output Leakage Current 

CE= V IH or R/W= V IL or 0E= v IH 
v 0UT =0 % V DD 



±1.0 

pA 

I DD01 

Operating Current 

(Read Cycle)* 

i 

V dd = 5.5V, CE=V il , 

R/W=Vih 

Other Input= 

V IH^ V IL’ ^UT^ 0 ^ 

^cycle-lP s 

- 

10 


mA 

^cycle* 

Min. cycle 

- 

- 

70 

1 

I DD02 

V dd =5.5V, CE=0.2V, 
R/W=V dd -°.2V 

Other Input* 
V dd -0.2V/0.2V 

^OUT*^ 111 ^ 

t cycle~lvs 

- 

5 

- 

mA 

^cycle” 

Min. cycle 

- 

- 

60 

tddsi 

i Standby Current 

ce=v ih 

- 

- 

3 

mA 

TDDS2 

Standby Current 

CE=V dd -0.2V 
V dd =2.0^ 5.5V 

Ta=25°C 

- 

0.01 

0.2 

PA 

Ta=60°C 

- 

- 

1.0 

Ta=85°C 

- 

- 

10.0 


* Assuming that R/W is Low for Write Cycle, the current consumption is twice as much 
as that when R/W is high for Write Cycle. 


ICAPACITANCEl (Ta=25°C, f=lMHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

C IN 

Input Capacitance 

v in =gnd 

10 

pF 

c OUT 

Output Capacitance 

v 0U t=gnd 

10 

pF 


Note: This parameter is periodically sampled and is not 100% tested. 
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TC55256PL-10/PL-12/PL-15 
TC55256FL-10/FL-12/FL-15 


A.C. CHARACTERISTICS 


(Ta=-40 ^ 85°C, V DD =5V±10%) 


READ CYCLE 


SYMBOL 

PARAMETER 

TC55256PL 

-10/FL-10 

TC55256PL 

-12/FL-12 

TC55256PL 

-15/FL-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

c RC 

Read Cycle Time 

100 

- 

120 

- 

150 

- 


t ACC 

Address Access Time 

- 

100 


120 

- 

150 


rt 

O 

O 

CE Access Time 

- 

100 

- 

120 

- 

150 


tOE 

Output Enable to Output in Valid 

- 

50 


60 

- 

70 


t C0E 

Chip Enable (CE) to Output in Low-Z 

5 

- 

5 

- 

5 

- 

ns 

t 0EE 

Output Enable to Output in Low-Z 

0 

- 

0 

- 

0 

- 


C 0D 

Chip Enable (CE) to Output in High-Z 

- 

50 

- 

60 

- 

70 


t 0D0 

Output Enable to Output in High-Z 


40 

- 

50 

- 

60 


rt 

O 

Output Data Hold Time 

1 10 

- 

10 

- 

15 

- 



WRITE CYCLE 


SYMBOL 

PARAMETER 

TC55256PL 

-10/FL-10 

TC55256PL 

-12/FL-12 

TC55256PL 

-15/FL-15 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


twc 

Write Cycle Time 

100 

- 

120 

- 

150 

- 


C WP 

Write Pulse Width 

70 

- 

80 

- 

100 

- 


C cw 

Chip Selection to End of Write 

90 

- 

100 

- 

120 

- 


Z AS 

Address Set Up Time | 

0 


0 

- 

0 

- 


t WR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

ns 

c ODW 

R/W to Output High-Z 

- 

50 


60 

- 

70 


c OEW 

i R/W to Output Low-Z 

5 

- 

5 

- 

5 

- 


C DS 

Data Set Up Time 

40 

- 

50 

- 

60 

- 


C DH 

Data Hold Time 

0 

- 

0 

- 

0 

- 



ACTEST CONDITION] 


• Input Pulse Levels 

• Timing Measurement Reference Levels 

• Output Reference Levels 

• Input Pulse Rise and Fall Time 

• Output Load 


2.4V/0.6V 
2.2V/0.8V 
2.2V/0.8V 
5ns 

lOOpF + 1TTL Gate 
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TGS525BPL-10/PL-12/PL-15 
TC55256FL-10/FL-12/FL-15 


TIMING WAVEFORMS 
READ CYCLE 



WRITE CYCLE 1 


( 4 ) 


(R/W Controlled Write) 







TC55256PL-10/PL-12/PL-15 
TC55256FL-10/FL-12/FL-15 


(A) _ 

WRITE CYCLE 2 v ' (CE Controlled Write) 



Note: 1. R/W is High for Read Cycle. 

2. Assuming that CE~low transition occurs coincident with or after 
R/W Low transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior 
to R/W High transition, Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high 
impedance state during this period. 
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TC55256PL-10/PL-12/PL-15 
TC55256FL-10/FL-12/FL-15 


3V OPERATE SPECIFICATION 


D.C. RECOMMENDED OPERATING CONDITIONS ! (Ta—10 ^ 60°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V DD 

Power Supply Voltage 

2.7 

3.0 

3.3 

V 

V XH 

Input High Voltage 

Vdd-0.2 

- 

V DD 

V 

V IL 

Input Low Voltage 

0 

- 

0.2 

V 


D.C. and OPERATING CHARACTERISTICS (Ta=-10a.60°C) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

TYP. 

MAX. 

UNIT 

tin 

Input Leakage Current 

V IN -0 ^ V DD 

- 

- 

±1.0 

\iA 

X L0 

Output Leakage Current 

CE~Vfjj or R/W = Vjj^ or 
^IH* V OUT=°- V DD 

- 

- 

±1.0 

UA 

lOH 

Output High Current 

V 0H ==V DD“°- 2V 

-100 

- 

- 

UA 

lOL 

Output Low Current 

V ol =0.2V 

100 

- 

- 

UA 

v OH 

Output High Voltage 

IoH=-20pA 

Vdd-0.1 

- 

_ 

V 

v OL 

Output Low Voltage 

I 0 L=20uA 

- 

- 

0.1 

V 

Iddo* 

Operating Current 

CE-Vil 

Other input= 

V Drr 0.2V/0.2V 

IoUT*^mA» ^ ut Y 100% 

t cycle 

=ly s 

- 

3.0 

5.0 

mA 

tdds 

Standby Current 

ce=v ih 

Ta=25°C 

- 

0.01 

0.2 

yA 

Ta=60°C 

- 

- 

1.0 


All voltage is measured from GND. 

* ^DDO is slightly depending on input pulse t r , tf. If long t r , tf pulse is applied, 
there are some transient current at input stage. These specification is guaranteed 
with t r , t f < 20ns. 
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TC55256PL-10/PL-12/PL-15 
TG552S6FL-10/FL-12/FL-15 


3V OPERATE SPECIFICATION 


I A.C. CHARACTERISTICS] (Ta--10^ 60°C, V DD -3V±10%) 
READ CYCLE 


SYMBOL 

PARAMETER 

MIN. 

TYP. * 

MAX. 

UNIT 

c RC 

Read Cycle Time 

1000 


- 


t ACC 

Address Access Time 

- 

300 

1000 


rt 

O 

O 

CE Access Time 

- 

300 

1000 


C 0E 

Output Enable to Output Valid 

- 

150 

500 


rt 

O 

Output Data Hold Time 

20 

- 

- 

ns 

t COE 

Chip Enable to Output in Low Z 

10 

- 

- 


fc OEE 

Output Enable to Output in Low Z 

5 

- 

- 


t 0D 

Chip Enable to Output in High Z 

- 


200 


t 0D0 

Output Enable to Output in High Z 

- 


150 



WRITE CYCLE 


SYMBOL 

PARAMETER 



MAX. 


c WC 

Write Cycle Time 

1000 

- 

- 


C WP 

Write Pulse Width 

500 

- 

- 


rt 

n 

Chip Selection to End of Write 

800 

- 

- 


Z AS 

Address Set Up Time 

100 

- 

- 


tr/rn 

rvx\ 

Wrrtc Recovery Time 

100 

- 

- 

ns 

tDS 

Data Set Up Time 

400 

- 

- 


C DH 

Data Hold Time 

50 

- 

- 


t ODW 

R/W to Output High Z 

- 

- 

200 


t OEW 

R/W to Output Low t Z 

10 

- 

- 



* Type, condition is Ta=25°C, Vj)p=3V 


IA.C. TEST CONDITIONS! 

• V IN =V DD -0.2V/0.2V 

• Output Reference Level : 

• Timing Measurement Level : 

• Input Pulse Rise and Fall Time: 

• Output Load : 


1.5V/1.5V 
1.5V/1.5V 
i20ns 

100pF (Include Jig) 
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TC55256PL* 10/PL-12/PL-15 
TC55256FL-10/FL-12/FL-15 


DATA RETENTION CHARACTERISTICS! (Ta— 40<v 85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V DH 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

I DDS2 

Standby Supply Current 

Ta=25°C 


0.01 

0.2 

pA 

Ta=60°C 


- 

1.0 

Ta=85°C 

- 

- 

10.0 

c CDR 

Chip Deselection to Data Retention Mode 

0 

- 

- 

y s 

: 

tR 

Recovery Time 

t RC(l) 

- 

- 


Note: (1) Read cycle time. 

(2) If the Vjh of CE is 2.2V in operation, Ippsi current flows during the 
period that the V^p voltage is going down from 4.5V to 2.4V. 


CE Controlled Data Retention Mode 



GND 








TC55256PL-10/PL-12/PL-15 
TC55256FL-10/FL-12/FL-l 5 


DIP 28 PIN OUTLINE DRAWING (DIP28-P-600) 

Unit in mm 


28 15 



Note: Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center 
of each lead that is obtained on the basis of No.l and No.28 leads. 

SOP 28 PIN OUTLINE DRAWING (S0P28-P-450) 


28 15 



Note: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center 
of each lead that is obtained on the basis of No.l and No.28 leads. 
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TOSHIBA BIOS MEMORY PRODUCTS 


TC55258PM0/PL-12/PL-15 
TC55258FL-10/FL-12/FL-15 

TC55258PL/FL is 262,144 bit static random access memory organized as 32,768 words 
by 8 bits using CMOS technology, and operated from a single 5V supply. Advanced cir¬ 
cuit techniques provide both high speed and low power features with a operating cur¬ 
rent of 5mA/MHz (Typ.) and minimum cycle time of 100ns. The TC55258PL/FL has two 
control inputs. Two chip enable inputs (CE1, CE2) allow for device selection and data 
retention control. When device is placed in standby mode with chip off state, standby 
current is typically O.OlpA. Thus the TC53238PL/FL is suitable for use in various 
microprocessor application systems where high speed, low power, and battery back up 
are required. Ultra low standby power allow not only battery but capacitance back up. 
The TC35238PL/FL is offered in both a standard dual-in-line 28 pin plastic package 
(0.6 inch width) and small-out line plastic flat package. 



Low Power Dissipation 
27.5mW/MHz(Typ.) Operating 
Standby Current 
0.2yA(MAX.) at Ta=25°C 
1.0yA(MAX.) at Ta=60°C 
10.0yA(MAX.) at Ta=85°C 
5V Single Power Supply 
Fully Static Operation 
Data Retention Supply Voltage 
: 2.0^ 5.5V 


• Access Time 



TC55258PL 

-10/FL-10 

TC55258PL 

-12/FL-12 

TC55258PL 

-15/FL-15 

Access Time 

100ns 

120ns 

150ns 

CE1 Access Time 

100ns 

120ns 

150ns 

CE2 Access Time 

100ns 

120ns 

150ns 


• Directly TTL Compatible: All Inputs and Outputs 

• Plastic DIP and Plastic Flat Package 

• Wide Temperature Operation: -40^ 85°C 
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TC55258PL-10/PL-12/PL-15 
TC55258FL-10/FL-12/FL-15 


[OPERATION MODE| 


OPERATION MODE 

CEl 

CE2 

R/W 

1/01% 1/08 

POWER 

Read 

L 

H 

H 

d OUT 

I DDO 

Write 

L 

H 

L 

d in 

X DDO 

Standby j 

* 

L 

* 

High-Z 

I DDS 

H 

* 

* 

High“Z 

I DDS 


*) H or L 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vdd 

Power Supply Voltage 

-0.3^ 7.0 

V 

V IN 

Input Voltage 

i 

o 

u> 

y 

"j 

o 

: 

_i 

V 

V I/0 

Input and Output Voltage 

-0.5% V DD +0.5 

V 


Power Dissipation 

1.0/0.6** 

w 

•^solder 

Soldering Temperature 

260 • 10 

°C*sec 

T 

x strg 

Storage Temperature 

-55 ^150 

°C 

T 

x opr 

Operating Temperature 

-40 ^ 85 

°C 


*) -3.0V at pulse width 50ns 
**) Flat package 


D.C. and RECOMMENDED OPERATING CONDITIONS! (Ta=-40% 85°C) 

SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V DD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

VlH 

Input High Voltage 

2.2 

- 

Vdd+O. 3 

V 

V IL 

Input Low Voltage 

-0.3* 

- 

0.8 

V 

V DH 

Data Retention Supply Voltage 

2.0 

“ 

5.5 

V 


*) -3.0V at pulse width 50ns 
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TC55258PL-10/PL-f 2/PL-15 
TG552S8FL-10/FL-12/FL-15 


!P.C. and OPERATING CHARACTERISTICS] (Ta— 40-* 85°c, V DD -SV±10%) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

T 

I IN 

Input Leakage Current 

V IK=°- V DD 

- 

- 

±1.0 

yA 

I OH 

Output High Current 

V 0h =2.4V 

-1.0 

. 

- 

mA 

lOL 

Output Low Current 

V 0l =0.4V 

4.0 


- 

mA 

V 0H 

Output High Voltage 

I OH = ~ 20 k A 

V DD -0.1 

- 

- 

V 

v OL 

Output Low Voltage 

I OL =20uA 

- 

- 

0.1 

V 

Ilo 

Output Leakage Current 

CEl=V IH or CE2 =V il or R/W=V IL 
Vout=0 % V DD 

- 

- 

±1.0 

yA 

Tddoi 

Operating Current 

(Read Cycle)* 

V DD =5.5V, CE1=V il 

CE2-V ir1 R/U=V ih 

Other Input= 

v il/ v ih 

t cycle“^k s 

- 

10 

- 

mA 

t cycle“ 

Min. cycle 


- 

70 

1 

X DD02 

V dd =5.5V, CEI-0.2V 
CE2=V dd -0.2V 

r /W=v dd -0.2V 

Other Input= 
V dd -0.2V/0.2V 

IouOmA 

t cycle~^ks 

- 

5 

- 

mA 

t cycle“ 

Min. cycle 

__ 

- 

60 

I DDS1 

Standby Current 

Cnl~Vj^ or Cta2~*V-£-^ 

- 

- i 

3 

mA 

I DDS2 

1 

[Standby Current 

l 

CE1*V dd - 0.2V or 

CE2=0.2V 

V DD =2.0^ 5.5V 

Ta=25°C 

- 

0.01 

0.2 

yA 

Ta=60°C 

- 

- 

1.0 

Ta=85°C 

- 

- 

10.0 


* Assuming that R/W is Low for Write Cycle, the current consumption is twice as much 
as that when R/W is high for Write Cycle. 


I CAPACITANCE] (Ta=25°C, f=lMHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

C IN 

Input Capacitance 

v ik =gnd 

10 

pF 

c OUT 

Output Capacitance 

VquT'GND 

10 

pF 


Note: This parameter is periodically sampled and is not 100% tested. 
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TC55258PL-10/PL-12/PL-15 
TC55258FL-10/FL-12/FL-15 


A.C. CHARACTERISTICS! (Ta=-40^85°C, V DD =5V±10%) 


READ CYCLE 


SYMBOL 

PARAMETER 

TC55258PL 

-10/FL-10 

TC55258PL 

-12/FL-12 

TC55258PL 

-15/FL-15 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

t RC 

Read Cycle Time 

100 

- 

120 

- 

150 

- 

ns 

t ACC 

Address Access Time 

- 

100 

- 

120 


150 

t C01 

CEl Access Time 

- 

100 

- 

120 


150 

t C02 

CE2 Access Time 

- 

100 

- 

120 

_ 

. 

150 

tCOE 

Chip Enable (CEl, CE2) to Output in 
Low-Z 

5 


5 

- 

5 


c OD 

Chip Enable (CEl, CE2) to Output in 
High-Z 

- 

50 

! 

~ 

60 

- 

70 

c OH 

Output Data Hold Time 

10 

- 

io ! 

1 

10 

- 


WRITE CYCLE 


SYMBOL 

PARAMETER 

TC55258PL 

-10/FL-10 

TC55258PL 

-12/FL-12 

TC55258PL 

-15/FL-15 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


C wc 

Write Cycle Time 

100 

- 

120 

- 

150 

- 


tWP 

Write Pulse Width 

70 

- 

80 

- 

100 

- 


C CW 

Chip Selection to End of Write 

90 

- 

100 

- 

120 



t AS 

Address Set Up Time 

0 

- 

0 


0 

- 


C WR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

ns 

t ODW 

R/W to Output in High-Z 

- 

50 

- | 

60 

- 

70 



R/W T to Output in Low-Z 

5 

- 

5 

- 

5 

- 


C DS 

Data Set Up Time 

40 

- 

5° ; 

- 

60 

“ 


t DH 

Data Hold Time 

0 J 

- 

0 

- 

0 

- | 



|A.C. TEST CONDITIONl 

• Input Pulse Levels 

• Timing Measurement Reference Levels 

• Output Reference Levels 

• Input Pulse Rise and Fall Time 

• Output Load 


2.4V/0.6V 

2.2V/0.8V 

2.2V/0.8V 

5ns 

lOOpF + 1 TTL Gate 
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TC55258PL-10/PL-12/PL-15 
TC55258FL-10/FL-12/FL-15 


I TIMING WAVEFORM Si 
READ CYCLE (1) 



WRITE CYCLE 1 (R/W Controlled Write) 


ADDRESSES 



two 
















TC55258PL-10/PL-12/PL-15 
TC55258FL-10/FL-12/FL-15 


NOTE: 

(1) R/W is High for Read Cycle* 

(2) Assuming that CEl Low transition or CE2 High transition occurs coincident with 
or after R/W Low transition, Outputs remain in a high impedance state. 

(3) Assuming that CEl High transition or CE2 Low transition occurs coincident with 
or prior to R/W High transition, outputs remain in a high impedance state. 


DATA RETENTION CHARACTERISTICS! (Ta=-40^85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V DH 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 

I DDS2 

Standby Supply Current 

Ta=25 °C 

- 

0.01 

0.2 

PA 

Ta=60°C 


- 

1.0 

Ta=85°C 

- 

- 

10.0 

t CDR 

Chip Deselection to Data Retention Mode 

0 

- 

- 

ps 

t R 

Recovery Time 

tRC(l) 

- 

- 


CEl Controlled Data Retention Mode (2) 



GX D 
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TC55258PL-10/PL-12/PL-15 
TC55258FL-10/FL-12/FL-15 


CE2 Controlled Data Retention Mode (4) 



GND - 

NOTE: (1) tp.Q: Read Cycle Time 

(2) In CEr controlled data retention mode, minimum standby current 
mode is achieved under the condition of CE1> Vpp-0.2V. 

(3) If the of CE1 is 2.2V in operation, during the period that the 
Vdd voltage is going down from 4.5V to 2.4V, IddsI current flows. 

(4) In CE2 controlled data retention mode, minimum standby current 

\ mode is achieved under the condition of CE2 = 0.2V. 
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TC55258PL-10/PL-12/PL-15 
TC55258FL-10/FL-12/FL-15 


3V OPERATION SPECIFICATION 


D.C. RECOMMENDED OPERATING CONDITIONS 

(Ta=-10 ^ 60°C) 

SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

2.7 

- 


■ 

VlH 

Input High Voltage 

Vdd-0.2 

- 


V XL 

Input Low Voltage 

0 

- 

mm 


D.C, and OPERATING CHARACTERISTICS] (Xa—10^ 60°C, V DD =2.7V ^5.5V) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP * 

MAX. 

UNIT 

I IN 

Input Leakage Current 

V IN =0 ^ V DD 

- 

- 

il.O 

pA 

I OH 

Output High Current 

v oh= v dd"°- 2v 

-100 

- 

- 

PA 

I 0L 

Output Low Current 

> 

O 

II 

-1 

o 

> 

100 

- 

- 

pA 

V 0H 

Output High Current 

I 0H— 2 °kA 

V DD“° *1 


- 

V 

v OL 

Output Low Voltage 

i 0L ==20 ^ jA 

- 


0.1 

V 

I L0 

Output Leakage Current 

CE1= v ih or CE2 =V il or R/W=V IL 
V OUT =0 ^ V DD 

j 

- 

±1.0 

pA 

I DDo”"' 

Operation Current 

CE1=V il , CE2 =V ir 

r/w=v ih 

Other Input= 

V dd -0.2V/0.2V 

IOUT = ® mA 

t cycle -^ s 

i 

3.0 

/. j 

5.0 

I 

mA 

I DDS 

Standby Current 

CEl=V IH or 

CE2=V IL 

Ta=25°C 

- 

0.01 

0.2 

PA 

Ta=60°C 

! 

- j 

1.0 


All voltage is measured from GND. 

* Vdd= 3V, 13=25°C. This value shows with typical lot and reference only. 

** IDDO is slightly depending on input pulse tr, tf. If long t r , tf pulse is applied, 
there are some transient current at input stage. These specification is 
guaranteed with t r , tf<20ns. 
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TC55258PL-10/PL-12/PL-15 
TC55258FL-1O/FL-12/FH 5 


3V OPERATION SPECIFICATION 


1A.C. CHARACTERISTICS 


(Ta=-10^60°C, V DD =2.7V% 5.5V) 


READ CYCLE 


SYMBOL 

PARAMETER 

MIN. 

TYP. * 

MAX. 

UNIT 

t RC 

Read Cycle Time 

1000 

- 

- 


t ACC 

Address Access Time 

- 

300 

1000 


t C01 

CE1 Access Time 

- 

300 

1000 


t C02 

CE2 Access Time 

- 

300 

1000 

ns 

t C0E 

Chip Enable (CE1, CE2) to Output in Low~Z 

5 

- 

- 


t 0D 

Chip Enable (CE1, CE2) to Output in High-Z 

- 

- 

200 


£ oh 

Output Data Hold Time 

10 


- 


* V DD =3V, 

Ta=25°C. This value shows with typical lot, and reference only. 

WRITE 





SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

t WC 

Write Cycle Time 

1000 

- 

- 


C WP 

Write Pulse Width 

500 

- 

- 


t cw 

Chip Selection to End of Write i 

800 

- 

- 


C AS 

Address Set Up Time 

100 




c WR 

Write Recovery Time 

100 

- 

- 

ns 

c ODW 

R/W to Output in High-Z 

- 

- 

200 


r OEW 

R/W to Output in Low-Z 

5 

- 

- 


tDS 

Data Set Up Time 

400 

- 

- 


C DH 

Data Hold Time 

50 

- 

- 



A.C. TEST CONDITIONS! 

• Input Pulse Levels 

• Timing Measurement Reference Levels 

• Output Reference Levels 

• Input Pulse Rise and Fall Time 

• Output Load 


V dd -0.2V/0.2V 
V D d/ 2 / V dd /2 
V D d/2 / v DD/2 
^ 20ns 

lOOpF + 1 TTL Gate 
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DIP 28 PIN OUTLINE DRAWING (DIP28-P-600) 


TC55258PL-10/ri-12/PL-15 
TC55258FL-10/FL-12/FL-15 


Unit in nun 



1 5.2 4 ± 0.2 5 



lit 0.5 ± 0.1 5 


Note: Lead pitch is 2.54 and tolerance is ±0.25 against theoretical center 
of each lead that is obtained on the basis of No.l and No.28 leads. 


SOP 28 PIN OUTLINE DRAWING (S0P28-P-450) 



1 1.8 ± 0.3 | 


Wm 


0.4 3 ±0.1 1.2 7 ±0.1 


Note: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center 
of each lead that is obtained on the basis of No.l and No.28 leads. 
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TC55258PL-10/PL-12/PL-15 
TC55258FL-10/FL-12/FL-15 
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TOSHIBA BIOS MEMORY PRODUCTS 



TC551001PL-70/PL-85/PL-10 
TC551001FL-70/FL-85/FL-10 


The TC551001PL/FL is 1,040,576 bits static random access memory organized as 
131,072 words by 8 bits using CMOS technology, and operated a single 5V power supply. 
Advanced circuit techniques provide both high speed and low power features with a maxi¬ 
mum operating current of 5mA/MHz(Typ.) and minimum cycle time of 70/85/100ns. When 
CEl is a logical high, or CE2 is low, the device is placed in low power standby mode 
in which standby current is 2uA typically. The TC551001PL/FL has three control inputs. 
Chip enable inputs (CEl, CE2) allow for device selection and data retention control, 
and an output enable input (OE) provides fast memory access. Thus the TC551001PL/FL 
is suitable for use in various microprocessor application system where high speed, low 
power, and battery back up are required. 

The TC551001PL/FL is offered in both a dual-in-line 32 pin standard plastic 
package and small-out line plastic flat package. 



• Low Power Dissipation 

27.5mW/MHz(Typ.) 

• Standby Current: lOOpA(Mnx.) 

• 5V Single Power Supply 

• Power Down Feature: CEl, CE2 




• Data Retention Supply Voltage: 2.0 ^ 5.5V 

• Access Time 


Access Time (Max.) 

TC551001 
I’L/TL-70 

70ns 

TC5B1 001 
PL/'FL— 85 

85 ns 

TC5J51001 
PL/FL-T 0 

100ns 

CEl Access Time (Max.) 

70 ns 

85ns 

100ns 

CE2 Access Time (Max.) 

70ns 

35ns 

100ns 

OE Access Time (Max.) 

40ns 

45 ns 

50ns 


Directly TTL Compatible: All Inputs and Outputs 


• Plsatic DIP and Plastic Flat Package 
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TC551001PL-70/PL-85/PL-10 
TC551001FL-70/FL-85/FL-10 


[OPERATION MODE 


OPERATION MODE 

CEl 

CE2 

OE 

R/W 

r/oi-t 1/08 

POWER 

Read 

L 

H 

L 

H 

d OUT 

IDDO 

Write 

L 

H 

* 

L 

din 

Iddo 

Output Deselect 

* 

* 

H | 

* 

High-Z 

iddo 

Standby 

H 

* 

* 

* 

High“Z 

Tdds 

* 

L 

* 

* 

High-Z 

Idds 


*: H or L 


MAXIMUM RATINGS| 


SYMBOL 

ITEM 

RATING 

UNIT 

V DD 

Power Supply Voltage 

“0.3 % 7.0 

V 

V IN 

Input Voltage 

-0.3*^ 7.0 

V 

V I/0 

Input and Output Voltage 

-0.5^ Vj)D+0.5 

V 

Pd 

Power Dissipation 

1.0/0.6** 

W 

^solder 

Soldering Temperature 

260 • 10 

°C • sec 

Tstrg. 

Storage Temperature 

-55 ^150 

°C 

1 opr. 

Operating Temperature 

0 ^ 70 

°C 


*: -3.0V at pulse width 50ns MAX. **: SOP 


|d.c. recommended operating conditions 


SYMBOL 

PARAMETER 




UNIT 

V DD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V IH 

Input High Voltage 

2.2 

“ 

V D D-K).3 

VlL 

Input Low Voltage 

“0.3 * 

“ 

0.8 

V D H 

Data Retention Supply Voltage 

2.0 

- 

5.5 


*: -3.0V at pulse width 50ns MAX. 
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TC551001PL-70/PL-85/PL-10 
TC551001FL-70/FL-85/FL-10 


I D.C. and OPERATING CHARACTERISTICS] (Ta=0 ^70°C, V DD =5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

Vin=0^ V DD 

- 

- 

±1.0 

pA 

lOH 

Output High Current 

V OH =2.4V 

-1.0 

- 

- 

mA 

*01 

Output Low Current 

V ol =0.4V 

4.0 

- 

- 

mA 

I LO 

Output Leakage Current 

CEI=V ih or CE2 =V il or 

OE=V ih , V O u T =0 'v v dd 

- 

- 

±1.0 

P A 

I DD01 

Operating Current 

| 

CH=V il and CE2 =V ih 
and R/W = Vjj|j iQ^ip—OniA 

Other Input=Vj H /Vj L 
t C ycle =Min - c Y c l e 

- 

- 

80 

mA 

IDD02 

CEl=0.2V and CE2=V DD -0.2V 
R/W=V DD -0.2V, I 0UX =0mA 

Other Input=V DD -0.2V/0.2V 
tcycle^in. cycle 

- 

- 

70 

mA 

tddsi 

Standby Current 

CE1=Vjh or CE2 =Vjl 

- 

- 

3 

mA 

IDDS2 

CEl=V DD -0.2V or CE2=0.2V 
V dd =2.0V'v 5.5V, 

Ta=0 ^ 70°C 

- 

- 

100 

pA 


|CAPACITANCE] (Ta=25°C, f=lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C IN 

Input Capacitance 

v in =gnd 

10 

pF 

c OUT 

Output Capacitance 

^out = gnd 

10 


Note: This parameter periodically sampled is not 100% tested. 
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TC551001PL-70/PL-85/PL-10 
TC551001FL-70/FL-85/FL-10 


A.C. CHARACTERISTICS! (Ta=0'v 70°C, V DD =5V±10%) 


Read Cycle 


SYMBOL 

PARAMETER 

TC5 510 01 PL-70 
TC5 51001FL—70 

TC551001 PL-85 
TC551 001 FL—85 

TC5510 01 PL—10 
TC 5 51 0 01 FL— 1 0 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


tRC 

Read Cycle Time 

70 

- 


- 


bb 



Address Access Time 

- 

mm 

- 


- 




CEl Access Time 



- 


- 

MM 


IS9I 

CE2 Access Time 

- 


- 

EH 

- 



ESI 

Output Enable to Output in Valid 

- 


- 

mm 

- 

HI 


c COE 

Chip Enable (CEl, CE2) to Output 
in Low-Z 

B 

- 


- 


- 

ns 


Output Enable to Output in Low-Z 


- 

0 

- 

0 

■ ■ 


WM 

Chip Enable (CEl, CE2) to Output 
in High-Z 

B 

30 

B 

B 

B 

B 



Output Enable to Output in High-Z 

- 


- 

m 

- 

wm 



Output Data Hold Time 


- 

10 

- 

10 

- 



Write Cycle 


SYMBOL 

PARAMETER 

TC551001 PL-70 
TC551001FL—70 

TC551001 PL-85 
TC551001FL—85 

TC551001PL-10 
TC551001FL—10 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


t wc 

Write Cycle Time 

HHHBB| 

- 

85 


100 

- 



Write Pulse Width 

50 

- 

60 

- 

60 

- 


C cw 

Chip Selection to End of Write 

65 

- 

75 

- 

80 

- 


tAS 

Address Set up Time 

0 

- 

0 

- 

0 

- 


tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

ns 

t ODK 

R/W to Output in High-Z 

- 


- 


- 

35 


tOEU 

R/W to Output in Low-Z 

0 

- 

0 

- 

0 

- 


C DS 

Data Set up Time 


- 

35 

- 


- 


t DH 

Data Hold Time 

0 

- 

0 

- 

0 

- 



A.C. TEST CONDITION 


Output Load 

: lOOpF 

4- 1 TTL Gate 

Input Pulse Level 

: 0.6V, 

2.4V 

Timing Measurement 

V IN : 0.8V, 

2.2V 

Reference Levels 

Vqut : 0.8V, 

2.2V 

tf 

: 5ns 
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TC551001PL-70/PL-85/PI-J0 
TG5S1001FL-70/FL-85/FL-10 



WRITE CYCLE 1 (4) (R/W Controlled Write) 






TC551001 PL-7 0/PL-85/PL-10 
TC551001FL-7 0/FL-85/FL-10 


WRITE CYCLE 2 (4) (CE1 Controlled Write) 



WRITE CYCLE 3 (4) (CE2 Controlled Write) 
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TCSS1001PL-70/PL-05/PL-10 
TC551001FL-70/FL-05/FL-10 


NOTE: 

(1) R/W is High for Read Cycle. 

(2) Assuming that CEl Low transition or CE2 High transition occurs coincident 
with or after R/W Low transition, Outputs remain in a high impedance state. 

(3) Assuming that CEl High transition or CE2 Low transition occurs coincident 
with or prior to R/W High transition, outputs remain in a high impedance 
state. 

(4) Assuming that OE is High for Write Cycle, Outputs are in high impedance 
state during this period. 


DATA RETENTION CHARACTERISTICS (Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V DH 

Data Retention Supply Voltage 

2.0 


5.5 

V 

IDDS2 

Standby Current 

V dd =3.0V 

- 

- 

50 

\iA 

V D d=5.5V 


- 

100 

tCDR 

Chip Deselection to Data Retention Mode 

0 

- 

- 

nS 


Recovery Time 

5 

- 

- 

mS 


CEl Controlled Data Retention Mode (1) 
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TC551001 PL-7 0/ PL-85/PL-10 
TC551001FL-70/FL-85/FL-10 


CE2 Controlled Data Retention Mode (3) 



GND 


NOTE: 

(1) In CE1 controlled data retention mode, minimum standby current mode 
is achieved under the condition of CE2 10.2V or CE2 J Vqjj-0.2V. 

(2) If the of CE1 is 2.2V in operation, during the period that the 
V DD voltage is going down from 4.5V to 2.4V, I^dsI current flows. 

(3) In CE2 controlled data retention mode, minimum standby current mode 
is achieved under the condition of CE2 10.2V. 
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TC551001PL-70/PL-85/PL-10 
TC551001FL-70/FL-85/FL-10 


DIP 32 PIN OUTLINE DRAWING (DIP32-P-600) 


Unit in mm 





Note) Package width and length do not include mold protrusion. 
Allowable mold protrusion is 0.15mm. 

MFP 32 PIN OUTLINE DRAWING (S0P32-P-450) 



Note) Package width and length do not include mold protrusion. 
Allowable mold protrusion is 0.15mm c 
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TC551001PL-70/PL-85/PL-10 
TC551001FL-70/FL-85/FL-10 
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32,768 W0RDX8 BIT CMOS PSEUDO STATIC RAM 
SILICON GATE CMOS 


TC51832P/SP/F-85, TC51832P/SP/F-10 
TC51832P/SP/F-12 


DESCRIPTION 

The TC51832P/SP/F is a 256K high speed CMOS 
pseudo static RAM organized as 32,768 words by 8 bits. 
The TC51832P/SP/F utilizing one transistor dynamic 
memory cell with CMOS peripheral circuit provides 
large capacity, high speed and low power features. Sys¬ 
tem oriented features include _siingle power supply of 
5V ± 10% tolerance. The OE/RFSH input allows two 
types of refresh operation — auto refresh and self 


refresh. The TC51832P/SP/F also features static RAM 
like write function that the input data is written into the 
memory cell at the rising edge of R/W, thus being easy to 
interface with microprocessor. The TC51832P/SP/F is 
a pin-compatible with 256K bit CMOS static RAM — 
TC55257P and is moulded a standard 0.6 inch and 0.3 
inch width plastic DIP and small-out line plastic flat 
package. 


FEATURES 

• Organization: 32,768 word x 8 bit 

• Fast Access Time and Cycle Time 



TC51832P/ 

SP/F-85 

TC51832P/ 

SP/F-10 

TC51832P/ 

SP/F-12 

t CEA 

CE Access Time 

85ns 

100ns 

1 20ns 

l OEA 

OE Access Time 

35ns 

40ns 

50ns 

t RC 

Cycle Time 

135ns 

160ns 

190ns 


• Single Power Supply: 5V ± 10% 

• Static RAM like Write Function 

• All inputs and outputs: TTL Compatible 


PIN CONNECTION (TOPVIEW) 


• Low Power Dissipation 

Operating: (Max.) 

303mW (TC51832P/SP/F-85) 

248mW (TC51832P/SP/F-10) 

220mW (TC51832P/SP/F-12) 

Standby: 5.5mW (Max.) 

Self Refresh: 5.5mW (Max.) 

• Two types of Refresh Operation Capability 

Auto Refresh 
Self Refresh 

• Pin Compatible with 256K bit CMOS Static 
RAM TC55257P 



BLOCK DIAGRAM 
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TC51832P/SP/F-85, TC51832P/SP/F-10 
TC51832P/SP/F-12 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

NOTES 

V |N 

Input Voltage 

—1.0 ~ 7.0 

V 

1 

V OUT 

Output Voltage 

-1.0~7.0 

V 

Q 

O 

> 

Power Supply Voltage 

-1.0 ~ 7.0 

V 

t opr 

Operating Temperature 

0 ~ 70 

°C 

t stg 

Storage Temperature 

-55 ~ 1 50 

°c 

t solder 

Soldering Temperature # Time 

260*10 

°C*sec 

P D 

Power Dissipation 

600 

mW 

'out 

Short Circuit Output Current 

50 

rnA 


D.C. RECOMMENDED OPERATING CONDITIONS (Ta = 0~70°C) 


SYMBOL 

ITEM 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

V DD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

V|H 

Input High Voltage 

2,4 

- 

6.5 

V 

V|L 

Input Low Voltage 

-1.0 

- 

0.8 

v 


D.C. ELECTRICAL CHARACTERISTICS (V DD = 5V ± 10%, Ta = 0 ~ 70°C) 


SYMBOL 

PARAMETER J 

MIN. 

MAX. 

UNIT 

NOTES 

1 DD0 

OPERATING CURRENT 

Average Power Supply Operating Current 
(CE, Address Cycling: t R ^= tp^MIN) 

TC51832P/SP/F-85 

- 

55 

mA 

3, 4 

TC51832P/SP/F-10 

- 

45 

TC51832P/SP/F-12 

__ 

40 

1 DDS1 

STANDBY CURRENT 1 

Power Supply Standby Current, TTL Level I nput 
(CE = OE/RFSH = Vih ) 

- 

1 

mA 


1 DDF 

SELF REFRESH CURRENT 

Average Power Supply Self Refresh Current 
(CE - YDD-0.2V, OE/n FSH - 0.2'v) 

- 

1 

mA 


l|(L) 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V < V| N < V DD , All Other Inputs not under Test = 0V) 

-10 

10 

ma 


1 O(L) 

OUTPUT LEAKAGE CURRENT 
(Dout is disable, 0V < VouT< Vdd) 

-10 

10 

ma 


I 

O 

> 

OUTPUT HIGH LEVEL 

Output "H" Level Voltage (Iout =— 1 5mA) 

2.4 

- 

V 


o 

> 

OUTPUT LOW LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 

- 

0.4 

V 
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TC51832P/SP/F-85, TC51832P/SP/M0 
TG51832P/SP/F-12 


ELECTRICAL CHARACTER 1STCS AND RECOMMENDED AC OPERATING CONDITIONS 

(V DD = 5V ± 10%, Ta = 0~ 70°C) (Notes 5, 6, 7, 8, 9) 


SYMBOL 

--—-- 

PARAMETER 

TC51832P/ 
SP/F-85 

TC51832P/ 

SP/F-10 

TC51832P/ 

SP/F-12 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

t RC 

Random Read or Write Cycle Time 

135 

- 

160 

- 

190 

- 

ns 


t RMW 

Read Write Cycle Time 

200 

- 

240 

- 

280 

- 

ns 


t CE 

CE Pulse Width 

85 

10,000 

100 

10,000 

120 

10,000 

ns 


X P 

CE Precharge Time 

40 

- 

50 

- 

60 

- 

ns 


o 

m 

> 

CE Access Time 

- 

85 

- 

100 

- 

120 

ns 


tOEA 

OE Access Time 

- 

35 

- 

40 

- 

50 

ns 


tCLZ 

CE to Output in Low-Z 

10 

- 

10 

- 

10 

- 

ns 


x OiZ 

OE to Output in Low-Z 

0 

- 

0 

- 

0 

- 

ns 


X \NLZ 

R/W to Output in Low-Z 

0 

- 

0 

- 

0 

- 

ns 


N 

I 

O 

CE to Output in High-Z 

0 

25 

0 

30 

0 

35 

ns 

10 

x OHZ 

OE to Output in High-Z 

0 

25 

0 

30 

0 

35 

ns 

10 

t WHZ 

R/W to Output in High-Z 

0 

25 

0 

30 

0 

35 

ns 

10 

1 OHC 

OE Hold Time Referenced to CE 

0 

- 

0 

- 

0 

- 

ns 


t OSC 

OE Set-Up Time Referenced to CE 

10 

- 

10 

- 

10 

- 

ns 


X RCS 

Read Command Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 


x RCH 

Read Command Hold Time 

0 

- 

0 

- 

0 

- 

ns 


twp 

Write Pulse Width 

60 

- 

70 

- 

85 

- 

ns 


x WCH 

Write Command Hold Time 

60 

~ 

70 

- 

85 

- 

ns 


t CWL 

Write Command to CE Lead Time 

60 

- 

70 

- 

85 

- 

ns 


t DSW 

Data Set-Up Time Referenced to R/W 

35 

- 

40 

- 

50 

- 

ns 

11 

t DSC 

Data Set-Up Time Referenced to CE 

35 

- 

40 

- 

50 

- 

ns 

11 

t DHW 

Data Hold Time Referenced to R/W 

0 

- 

0 

- 

0 

- 

ns 

11 

t DHC 

Data Hold Time Referenced to CE 

0 

- 

0 

- 

0 

- 

ns 

11 

t ASC 

Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

12 

t AHC 

Address Hold Time 

20 

- 

25 

- 

30 

- 

ns 

12 

. t F C. 

Auto Refresh Cycle Time 

135 

- 

160 

- 

190 

- 

ns 


t RFD 

CE to RFSH Delay Time 

40 

- 

50 

- 

60 

- 

ns 


t FAR 

RFSH Pulse Width (Auto Refresh Cycle) 

80 

8,000 

80 

8,000 

80 

8,000 

ns 

13 

t FP 

RFSH Precharge Time 

30 

- 

30 

- 

30 

- 

ns 

13 

t FCE 

RFSH Active to CE Delay Time 

160 

- 

190 

- 

225 

- 

ns 

13 

t FSR 

RFSH Precharge to CE Delay Time 
(Auto Refresh Cycle) 

65 

- 

80 

- 

95 

- 

ns 

13 

x FAS 

RFSH Pulse Width (Self Refresh Cycle) 

8,000 

- 

8,000 

- 

8,000 

- 

ns 

13 

tFRS 

RFSH Precharge to CE Delay Time 
(Self Refresh Cycle) 

160 

- 

190 

- 

225 

- 

ns 

13 

x FST 

RFSH Set-Up Time 
(Refresh Counter Test Cycle) 

10 

30 

10 

30 

TO 

30 

ns 


t FHT 

RFSH Hold Time 
(Refresh Counter Test Cycle) 

65 

8,000 

65 

8,000 

65 

8,000 

ns 


t REF 

Refresh Period 

1 - 

4 

- 

4 

- 

4 

ms 


t T 

Transition Time (Rise and Fall) 

| 3 

50 

3 

50 

3 

50 

ns 
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TC51832P/SP/F-85, TCS1832P/SP/F-10 
TC51832P/SP/F-12 


CAPACITANCE (V DD = 5V, f = 1 MHz, Ta = 25°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

CI1 

Input Capacitance (AO ~ A14) 

- 

5 


CI2 

Input Capacitance (CE, OE/RFSH, R/W) 

- 

7 

pF 

CIO 

Input/Output Capacitance (1/01 ~ 1/08) 

- 

7 

pF 


NOTE: This parameter is periodically sampled and is not 100% tested. 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. 

2. All voltages are reference to GND. 

3. Iddo depend on cycle rate. 

4. Iddo depend on output loading. Specified value are obtained with the output open. 

5.. An initial pause of 1ms with high CE and high OE/RFSH is required after power-up before proper device 
operation is achieved. 

6. AC measurements assume t T = 5ns. 

7. V| H (min.) and V| L (max.) are reference levels for measuring timing of input signals. Also, transition times 
are measured between Vm and Vil . 

8. Measured with a load equivalent to 2 TTL laods and lOOpF. 

9. The OET/RFSF1 input operates as the output enable input (OE) and refresh control input (RFSH) under the 
condition of that CE = V !L and CE = V| H , respectively. 

10. t CHZ , t 0 Hz/ f whz define the time at which the output achieves the open circuit condition and is not 
reference to output voltage levels. 

11. In write cycles, the iriput data is latched at the earlier of R/W or CE rising edge. Therefore the input data 
must be valid during set-up time (tpsw, tpsc ) and hold time (t D HW/ ^dhc)• 

12. A!! address are latched at the falling edge of CE, and must be valid during tASC and tA h c . 

13. Two refresh operation — auto refresh and self refresh are determined by the OE/RFSF1 pulse width under the 
condition of CE = V )H . 

Auto refresh: OE/RFSF1 pulse width < tFAP (max.) 

Self refresh: OE/RFSFI pulse width > tFAS (min.) 

The following timing parameter must be kept before device proper operation is achieved after refresh. 

Auto refresh: t F ce anc * ^fsr 

Self refresh: t F rs 
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TC51832P/SP/F-85, TC51832P/SP/F-10 
TC51832P/SP/F-12 


• AUTO REFRESH CYCLE 


OE/RFSH 


A 




— 



\ 


^RFD 

t FC ( 


t 

FCE 




. ^FAP 



t FAP 

( . t FSR _ 

! ■ ■ 



/ ^ 

\ 

L- 3 

K 


I/Ol-I/O8 V ° H - 

V 0L —' 


OPEN 


NOTE: AO ~ A14, RAA/ = Don't Care 


• SELF REFRESH CYCLE 


CE V IH — , 

Vil —_ / 



- ff - 


\ 


t RFD 



t FRS 





I t FAS 

1 


oe/rfsh VlH 

vil — 

\ 

H*-— 

L- * - ,-- 

/ 


1/01 ~ 1/0 8 V ° H 

V 0 L — 


OPEN 


NOTE: AO ~ A14, R/W = Don't Care 
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TC51832P/SP/F-85, TC51832P/SP/M0 
TC51832P/SP/F-12 


• REFRESH COUNTER TEST CYCLE (READ WRITE) 



,jDon't Care 


REFRESH COUNTER TEST 

The internal refresh operation of TC51832P/SP/F can be tested by REFRESH COUNTER TEST. 
This cycle performs READ/WRITE operation taking the internal counter address as row address 
and fixed zero as column address. 

The test procedure is as follows. 

© Write "0" into all the memory cells at normal write mode. 

© Read "0" out and write "1" in each cell by performing REFRESH COUNTER TEST. Repeat 

this operation 256 times. 

Q) Check "1out of 256 bits at normal read mode, which was written at @. 

@ Read "1" out and write "0" in each cell by performing REFRESH COUNTER TEST. Repeat 

this operation 256 times. 

(5) Check "0" out of 256 bits at normal read mode, which was written at ®. 

© Perform the above © to © the complement data. 
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TC51832P/SP/F-85, TC51832P/SP/M0 
TC51832P/SP/F-12 


• MFP 28 PIN OUTLINE DRAWINGS (F28GA-P) 

Unit in mm 


28 15 



NOTE: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center of each 
lead that is obtained on the basis of No.1 and No. 28 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 

32,768 WORDX8 BIT CMOS PSEUDO STATIC RAM TC51832PU/SP17FL-85, TC51832PL/SPL/FL-10 
SILICON GATE CMOS TC51832PL/SPL/FL-12 


DESCRIPTION 

The TC51832PL/SPL/FL is a 256K bit high speed 
CMOS pseudo static RAM organized as 32,768 words by 
8 bits. The TC51832PL/SPL/F L utilizing, one transistor 
dynamic memory cell with CMOS peripheral circuit 
provides large capacity, high speed and low power 
features. System oriented features incl ude single power 
supply of 5V ± 10% tolerance. The OE/RFSH input 
allows two types of refresh operation — auto refresh and 


self refresh. The TC51832PL/SPL/FL also features static 
RAM like write function that the input data is written 
into the momory cell at the rising edge of R/W, thus 
being easy to interface with microprocessor. The 
TC51832PL/SPL/FL is a pin-compatible with 256K bit 
CMOS static RAM — TC55257P and is moulded a 
standard 0.6 inch and 0.3 inch width plastic DIP and 
small out-line plastic flat package. 


FEATURES 

• Organization: 32,768 word x 8 bit 

• Fast Access Time and Cycle Time 



TC51S32PL/ 

SPL/FL-85 

TC51832PL/ j 
SPF/FL-10 

TC51832PL/ 

SPF/FL-12 

n 

m 

> 

CE Access Time 

85ns 

100ns 

120ns 

t oea 

OE Access Time 

35ns 

40ns 

50ns 

! rc 

Cycle Time 

135ns 

160ns 

190ns 


• Single Power Supply: 5V ± 10% 

• Static RAM like Write Function 


PIN CONNECTION (top view) 


• All inputs and outputs: TTL Compatible 

• Low Power Dissipation 

Operating: (Max.) 

303mW (TC51832PL/SPL/FL-85) 

248mW (TC51832PL/SPL/F L-10) 

220mW (TC51832PL/SPL/F L-12) 

Standby: l.lmW (Max.) 

Self Refresh: l.lmW (Max.) 

• Two types of Refresh Operation Capability 

Auto Refresh 
Self Refresh 

• Pin Compatible with 256K bit CMOS Static 
RAM TC55257P 



PIN NAMES 


A0 ~ A14 

Address Inputs 

R/W 

Read/Write Control Input 

OE/RFSH 

Output Enable/Refresh Input 

CE 

Chip Enable Input 

1/01 ~ 1/08 

Data Input/Output 

V DD 

Power (+5V) 

GND 

Ground 


BLOCK DIAGRAM 
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TC51832PL/SPL/FL-85, TC51832PL/SPL/FL-10 
TC51832PL/S PL/FL-12 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

NOTES 

V IN 

Input Voltage 

-1.0-7.0 

V 

1 

V OUT 

Output Voltage 

-1.0 - 7.0 

V 

1 

Vdd 

Power Supply Voltage 

-1.0-7.0 

V 

1 

Topr 

Operating Temperature 

0-70 

°C 

1 

Tstg 

Storage Temperature 

-55- 1 50 

°C 

1 

Tsolder 

Soldering Temperature*Time 

260*10 

°C*sec 

1 

P D 

Power Dissipation 

600 

mW 

1 

1 OUT 

Short Circuit Output Current 

50 

mA 

1 


D.C. RECOMMENDED OPERATING CONDITIONS (Ta - 0 - 70°C) 


SYMBOL 

ITEM 

MIN. 

TYP. 

MAX. 

UNIT 

NOTES 

V DD 

Power Supply Voltage 

4.5 

5.0 

5.5 

v 1 

2 

V | H 

Input High Voltage 

2.4 

- 

6.5 

V 

2 

V,L 

Input Low Voltage 

-1.0 

_ 

0.8 

V 

2 


D.C. ELECTRICAL CHARACTERISTICS (V DD = 5V ± 10%, Ta = 0 - 70°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

NOTES 

1 DD0 

OPERATING CURRENT 

Average Power Supply Operating Current 
(CE, Address Cycling: tpc^tpcMIN) 

TC51832PL/SPL/F L-85 

- 

55 

mA 

3,4 

TC51832PL/SPL/F L-10 

- 

45 

TC51832PL/SPL/F L-12 

- 

40 

1 DDS1 

STANDBY CURRENT 1 

Power Supply Standby Current, TTL Level Input 
(Cf= OE/RFSH = Vih) 

- 

1 

mA 


>DDS2 

STANDBY CURRENT 2 

Power Supply Standby Current, CMOS Level Input 
(CE = OE/RFSH = V D d*0.2V) 

- 

0.2 

mA 


1 DDF 

SELF REFRESH CURRENT 

Average Power Supply Self Refresh Current 
(CE = Vdd-0.2V. OE/RFSH = 0.2V) 

- 

0.2 

mA 


hdJ 

INPUT LEAKAGE CURRENT 

Input Leakage Current, any Input 

(0V < V|n < Vdd, All Other Inputs not under Test = 0V) 

-10 

10 

MA 


■o(L) 

OUTPUT LEAKAGE CURRENT 
(Dout is disable, 0V < Vquj < Vdd) 

-10 

10 

mA 


VOH 

OUTPUT HIGH LEVEL 

Output "H" Level Voltage Oout = — 5mA) 

2.4 


V 


%DL 

OUTPUT LOW LEVEL 

Output "L" Level Voltage (Iqut = 4.2mA) 

- 

0.4 

V 
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TC51832PL/SPL/FL-85, TC51832PL/SPL/FL-10 
TC51832PL/SPL/FL-12 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(V DD = 5V ± 10%, Ta = 0~70°C) (Notes 5, 6, 7,8,9) 


SYMBOL 

PARAMETER 

TC51832SPL/ 

SPL/FL-85 

TC51832PL/ 

SPL/'FL-IO 

TC51832PL/ 
SPL/FL-12 

UNIT 

NOTES 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Random Read or Write Cycle Time 

135 

- 

160 

- 

190 

-■ 

ns 


t RMW 

Read Write Cycle Time 

200 

- 

240 

- 

280 

- 

ns 


t CE 

CE Pulse Width 

85 

10,000 

100 

10,000 

120 

10,000 

ns 


tp 

CE Precharge Time 

4CT 

- 

50 

- 

60 


ns 


t CEA 

CE Access Time 

- 

85 


100 . 

- 

120 

ns 


t OEA 

OE Access Time 

- 

35 

- 

40 

- 

50 

ns 

< 

t CLZ 

CE to Output in Low-Z 

10 

- 

10 

- 

10 

- 

ns 


N 

_l 

O 

OE to Output in Low-Z 

0 

- 

0 

- 

0 

- 

ns 


t WLZ 

R/W to Output in Low-Z 

0 

- 

0 

- 

0 

- 

ns 


t CHZ 

CE to Output in High-Z 

0 

25 

0 

30 

0 

35 

ns 

10 

t OHZ 

OE to Output in High-Z 

0 

25 

0 

30 

0 

35 

ns 

10 

t WHZ 

R/W to Output in High-Z 

0 

25 

0 

30 

0 

35 

ns 

10 

t OHC 

OE Hold Time Referenced to CE 

0 

- 

0 

- 

0 

- 

ns 


tosc 

OE Set-Up Time Referenced to CE 

10 

- 

10 


10 

- 

ns 


t RCS 

Read Command Set-Up Time 

0 

- 

0 


0 

- 

ns 


tRCH 

Read Command Hold Time 

0 

- 

0 

- 

0 

— 

ns 


tWP 

Write Pulse Width 

60 

_ 

70 

— 

85 

— 

ns 


tWCH 

Write Command Hold Time 

60 

- 

70 

_ 

85 

— 

ns 


tCWL 

Write Command to CE Lead Time 

60 

- 

70 

- 

85 

— 

ns 


t DSW 

Data Set-Up Time Referenced to R/W 

35 

- 

40 

- 

50 

- 

ns 

11 

t DSC 

Data Set-Up Time Referenced to CE 

35 

- 

40 

- 

50 

- 

ns 

11 

t DHW 

Data Hold Time Referenced to R/W 

0 

- 

0 

— 

0 

_ 

ns 

11 

t DHC 

Data Hold Time Referenced to CE 

0 

- 

0 

- 

0 

— 

ns 

11 

1 ASC 

Address Set-Up Time 

0 

- 

0 

- 

0 

- 

ns 

12 

i ^ AHC 

Address Hold Time 

20 

— 

25 

- 

30 

- 

ns 

12 

! t FC 

Auto Refresh Cycle Time 

135 

- 

160 

- 

190 1 - 

ns 


1 RFD 

CE to RFSH Delay Time 

40 

- 

50 

- 

60 

- 

ns 


1 F AP 

RFSH Pulse Width (Auto Refresh Cycle) j 

80 

8,000 

80 

8,000 

80 

8,000 

ns 

13 

t F p 

RFSH Precharge Time 

30 

- 

30 

- 

30 

- 

ns 

13 

t FCE 

RFSH Active to CE Delay Time 

160 

- 

190 

- 

225 

- 

ns 

13 

t FSR 

RFSH Precharge to CE Delay Time 
(Auto Refresh Cycle) 

65 

- 

80 

- 

95 

- 

ns 

13 

^ F AS 

RFSH Pulse Width (Self Refresh Cycle) 

8,000 

- 

8,000 

- 

8,000 

- 

ns 

13 

^FRS 

RFSH Precharge to CE Delay Time 
(Self Refresh Cycle) 

160 

- 

190 

- 

225 

- 

ns 

13 

^FST 

RFSH Set-Up Time 
(Refresh Counter Test Cycle) 

10 

30 

10 

30 

10 

30 

ns 


^FHT 

RFSH Hold Time 
(Refresh Counter Test Cycle) 

65 

8,000 

65 

8,000 

65 

8,000 

ns 


t REF 

Refresh Period 

- 

4 

- 

4 

- 

4 

ms 


t T 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 
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TCS1832PL/SPI/FL-85, TC51832PL/SPL/FL-I0 
TC51832PL/SPL/FL-12 


CAPACITANCE (v D0 = 5V, f = 1 MHz, Ta = 25°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

CI1 

Input Capacitance (AO ~ A14) 

- 

5 

pF 

CI2 

Input Capacitance (CE, OE/RFSH, R/W) 

- 

7 

pF 

CIO 

Input/Output Capacitance (1/01 ~ 1/08) 

_ Z _i 

7 

PF 


NOTE: This parameter is periodically sampled and is not 100% tested. 


NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the 
device. 

2. All voltages are reference to GND. 

3. Iddo depend on cycle rate. 

4. Iddo depend on output loading. Specified value are obtained with the output open. 

5. An initial pause of 1ms with high CE and high OE/RFSH is required after power-up before proper device 
operation is achieved. 

6. AC measurements assume tT = 5ns. 

7. Vi H (min.) and V| L (max.) are reference levels for measuring timing of input signals. Also, transition times 
are measured between V| H and V tL . 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. The OE/RFSH input operates as the output enable input (OE) and refresh control input (RFSFI) under the 
condition of that CE = V !L and CE = V| H , respectively. 

10. tcHz, toHZ» f whz define the time at which the output achieves the open circuit condition and is not 
reference to output voltage levels. 

11. In write cycles, the input data is latched at the earlier of R/W or CE rising edge. Therefore the input data 
must be valid during set-up time (t DSW , t DSC ) and hold time (t D Hw , t D Hc)< 

12. All address are latched at the falling edge of CE, and must be valid during t A $c a nd t AF i c • 

13. Two refresh operation — auto refresh and self refresh are determined by the OE/RFSH pulse width under the 
condition of CE — V'ih . 

Auto refresh: OE/R~FSH pulse width < t FAP (max.) 

Self refresh: OE/RFSH pulse width t FAS (min.) 

The following timing parameter must be kept before device proper operation is achieved after refresh. 

Auto refresh: t FCE and t FSR 

Self refresh: t FRS 
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TC51832PL/SPL/FL-85, TC51832PL/SPL/FL-10 
TC51832PL/SPL/FL-12 


TIMING WAVEFORMS 

• READ CYCLE 



• WRITE CYCLE 



1///J Don 


t care 




TC51832PL/SPL/FL-85, TC51832PL/SPL/FL-10 
TC51832PL/SPL/FL-12 


• AUTO REFRESH CYCLE 



NOTE: AO ~ A14, R/W - Don't care 


• SELF REFRESH CYCLE 



V 0 L — 


NOTE: AG ~ A14, R/W = Don't care 
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TC51832PL/SPL/FL-85, TC51832PL/SPL/FL-10 
TC51832PL/SPL/FL-12 


• REFRESH COUNTER TEST CYCLE (READ WRITE) 



REFRESH COUNTER TEST 

The internal refresh operation of TC51832PL/SPL/FL can be tested by REFRESH COUNTER 
TEST. This cycle performs READ/WRITE operation taking the internal counter address as row 
address and fixed zero as column address. 

The test procedure is as follows. 

© Write "0" into all the memory cells at normal write mode. 

(2) Read "0" out and write "1" in each cell by performing REFRESH COUNTER TEST. Repeat 

this operation 256 times. 

© Check "1" out of 256 bits at normal read mode, which was written at ©. 

@ Read "1" out and write "0" in each cell by performing REFRESH COUNTER TEST. Repeat 

this operation 256 times. 

© Check "0" out of 256 bits at normal read mode, which was written at 
© Perform the above © to ® the complement data. 
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TC51832PL/SPL/FL-85. TC51832PL/SPL/FL-10 
TC51832PL/SPL/FL-12 


• MFP 28 PIN OUTLINE DRAWINGS (F28GA-P) 

Unit in mm 


28 15 



NOTE: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical center of each 
lead that is obtained on the basis of No.1 and No. 28 leads. 
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TC518128AP/ASP/AF/APL/ASPL/AFL-80, TC518128AP/ASP/AF/APL/ASPL/AFL-12 
TC518128AP/ASP/AF/APL/ASPL/AFL-10 

description" 

The TC518128AP Family is a 1M bit high speed CMOS Pseudo Static RAM organized as 131,072 
words by 8 bits. The TC518128AP Family utilizing one transistor dynamic memory cell with 
CMOS peripheral circuit provides large capacity, hig h spe ed and low power features. The 
feature includes single power supply of 5V±10%. The RFSH input allows two types of re¬ 
fresh operation - auto refresh and self refresh. The TC518128AP Family also features 
static RAM like write function that the input data is written into the memory cell at the 
rising edge of R/W, thus being easy to interface with microprocessor. 

The TC518128AP Family is a pin-compatible with 1M bit CMOS static RAM - JEDEC standard and 
is moulded in a 32 pin standard 0.6 inch and 0.3 inch width plastic DIP and small-out 
line plastic flat package. 


[FEATURES | 

• Organization: 1M bit(131,072 wordx 8bit) 

• Fast Access Time and 

_ Low Power Dissipation 



TC518128AP I 

"amily 


-80 

-10 

-12 

tCEA CE Access Time 

80ns 

100ns 

120ns 

tOEA 0E“ Access Time 

35ns 

40ns 

50ns 

t RC Cycle Time 

130ns 

160ns 

190ns 

PD -Operating (Max.) 

385mW 

330mW 

275mW 

Self Refresh Current 

lmA/200viA 

(-L) 


[PIN CONNECTION 


Single Power Supply: 5V±10% 

Auto refresh is capable by internal 
counter. 

Self refresh is capable by internal 
timer. 

All inputs and outputs: TTL compatible 

512 refresh cycle/8ms 

Pin Compatible: 1M SRAM (JEDEC) 

Logic Compatible: SRAM R/W Pin 
32 Pin Standard Plastic PKG 
AP/APL : 600 mil DIP 
ASP/ASPL: 300 mil DIP 


AF/AFL 


450 mil SOP 


1 

;top view) 


RFSH C 

1 ^ 

32 

] VdD 

Al 6 C 

2 

31 

3 Al 5 

A14 C 

3 

30 

3 CE2 

Al 2 C 

4 

29 

3 RXW 

A 7 C 

5 

28 

] Al 3 

A 6 C 

6 

27 

]A8 

A5 C 

7 

26 

3 A9 

A 4 C 

8 

25 

3 Al 1 

A3 C 

9 

24 

3 OE 

A2C 

10 

23 

3 A10 

Al C 

11 

22 

3 CE1 

A0 C 

1 12 

21 

3 1X08 

1/01 c 

1 13 

20 

3 lX07 

1 X 02 C 

14 

19 

3 1X06 

1X03 C 

15 

18 

3 X05 

GNDC 

16 

17 

3 1X04 


PIN NAMES I 


BLOCK DIAGRAM 


COLUMN 
ADDRESS 
BUFFER (t 


ROW ADDRESS 9 9 ) 
BUFFER (9) “TTV 


REFRESH 
COUNT ER(9) 


COLUMN 

DECODER 

SENSE AMP. 
I/O GATE 


MEMORY 

ARRAY 


512x256x8 


REFRESH 

TIMER 

















TC518128AP/ASP/AF/APL/ASPL/AFL-80, TC518128AP/ASP/AF/APL/ASPL/AFL-12 
TC518128AP/ASP/AF/APL/ASPI/AFL-10 


FUNCTION LOGIC 


CEl 

CE2 

OE 

R/W 

RFSH 

ACKA16 

1/01 'v 8 

CONDITION 

mm 




| 

Hj 

OUT 

Read 

mm 





1 

IN 

Write 

Mm 





■ 

HZ 

CE only Refresh 







HZ 

Auto/Self Refresh 






Hi 

HZ 

Auto/Self Refresh 

mm 





HH9H 

HZ 

Stand by 

Hi 





■Dh 

HZ 

Stand by 


H — High Level Input (VXN—6.5 V*Vih min.) 

L — Low Level Input (Vj^=Vil max.*-1.0V) 

* — Don’t care (6.5V*-1.0V) 

V* - At CEl falling edge (CE2=H) or CE2 rising edge (ClI=L), all address 
inputs are ’’IN", and at the other condition, the address input are 
HZ - High Impedance 


ABSOLUTE MAXIMUM RATINGS 

SYMBOL 

item 

RATING 

UNITS 

NOTE 

V IN 

Input Voltage 

-1.0 *7.0 

V 

1 

VOUT 

Output Voltage 

-1.0* 7.0 

V 

VDD 

Power Supply Voltage 

-1.0*7.0 

V 

t OPR 

Operating Temperature 

0 * 70 

°C 

TsTG 

Storage Temperature 

-55 *150 

°c 

TsOLDER 

Soldering Temperature*Time 

260*10 

°C*sec 

Pd 

Power Dissipation 

600 

mW 

Tout 

Short Circuit Output Current 

50 

mA 


DC RECOMMENDED OPERATING CONDITIONS 


(Ta=0* 70°C) 


SYMBOL 

ITEM 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

V DD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

VlH 

Input High Voltage 

2.4 

- 

6.5 

V 

VlL 

Input Low Voltage 

-1.0 

- 

0.8 

V 
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TC518128AP/ASP/AF/APL/ASPL/AFL-80, TC518128AP/ASP/AF/APL/ASPL/AFL-12 
TC518128AP/ASP/AF/APL/ASPL/AFL-10 


I DC ELECTRICAL CHARACTERISTICS 


(V dd = 5V±1C%, Ta=70°C) 


SYMBOL 

PARAMETER 

PERIOD 

MIN. 

TYP. 

MAX. 

UNITS 

NOTES 

IDDO 

Operating Current 
(Average Power Supply 

Operating Current) 

CE1, CE2, Address cycling: t RC =t^Q MIN. 

130ns 

- 

50 

70 

mA 

3,4 

160ns 

- 

40 

60 

190ns 

- 

35 

50 

X DDS1 

Standby Current 

CE1=V IF or CE2=V IL 

RESH=Vih 

TC518128AP/ASP/AF 

- 

- 

2 

mA 


TC518128APL/ASPL/AFL 

- 

- 

1 

’ VI DDS2 

Standby Current 

CEl=VDC-0.2V or CE2=0.2V, 
RFSH=VDD-0.2V 

TC518128AP/ASP/AF 

- 

- 

1 

mA 


TC518128APL/ASPL/AFL 

- 

100 

200 

pA 

I DDF1 

Self Refresh Current 

CE1=Vxh or CE2=V'iL, 

rfsh=vil 

TC518128AP/ASP/AF 

> 

- 

2 

mA 


TC518128APL/ASPL/AFL 

- 

- 

1 

* I DDF2 

Self Refresh Current 
CE1=V DD -0.2V or 

CE2=0.2V, RFSH=0.2V 

TC518128AP/ASP/AF 

- 

- 

1 

mA 


TC518128APL/ASPL/AFL 

- 

100 

200 

pA 

I I(L) 

Input Leakage Current 

0V<Vin<Vdp, All other Inputs not under test=0V 

-10 

- 

10 

P A 


I 0(L) 

Output Leakage Current 

Output Disable (CEI-Vjh or CE2 =Vxl or 

0E=Vih or R/W=Vil) , OV<VoUTiVj) D 

-10 

- 

10 

pA 


VOH 

Output High Level 

IOH=-5mA. 

2.4 

- 

- 

V 


v OL 

Output Low Level 
l0L =4 • 2mA 

- 

- 

0.4 

V 



NOTE*) In standby mode and self refresh with CE1 >Vdd- 0.2V, these specification 
limits are guaranteed under the condition of CE2 >Vdd- 0.2V, or CE2=0.2V. 


CAPACITANCE] (V dd =5V, f=1 MRc, Ta=25°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C I1 

Input Capacitance (A0vA16) 

- 


pF 

C I2 

Input Capacitance (CE1, CE2, OE, R/W, RFSH) 

- 


pF 

Cio 

Input/Output Capacitance 

- 

7 

pF 


NOTE) This parameter is periodically sampled and is not 100% tested. 
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TC518128AP/ASP/AF/APL/ASP1/AFL-80, TC518128AP/ASP/AF/APL/ASPL/AFL-12 
TC518128AP/ASP/AF/APL/ASPL/AFL-10 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 


(V dd = 5V±10%, Ta=0'\-70°C) (NOTES :5,6,7,8) 


SYMBOL 


-80 

-10 

Errr—i 


NOTES 

r AKATin. i C.K 

3B3I1 

MAX. 

331 

MAX. 



c RC 

Random Read, Write Cycle Time 

130 


Em 

- 


- 1 

ns 


*-RMW 

Read Modify Write Cycle Time 

rag 

■ 

rag 

■Efll 


warn 

■mi 


c CE 

CE Pulse Width 

ffil 

10,000 

EfSIil 

10,000 


10,000 

ns 

13 

tp 

CE Precharge Time 

m 


m 


EQ 

EBEI 

■an 


t CEA 

CE Access Time 

jM 



100 

m 

120 

ns 


*-OEA 

OE Access Time 

- 

35 

-j 

40 

- 

50 

ns 


c CLZ 

CE to Output in Low-Z 

EH 

Ml! 

EH 


ME 

mmi 

EE 


tOLZ 

OE to Output in Low-Z 

0 

fjjjgM 

m 

- 

0 

mam 



t WLZ 

Output Active from End of Write 

0 

- 

m 

- 

0 




tCHZ 

Chip Disable to Output in High-Z 

m 

25 

0 



35 

ns 

9 

tOHZ 

OE Disable to Output in High-Z 

0 

25 

0 



35 

ns 

9 

t WHZ 

Write Enable to Output in High-Z 

0 

25 

m 


0 

35 

ns 

9 

tODS 

OE Output Disable Set-Up Time 

0 

- 

0 

- 

0 

H^fll 



c ODH 

OE Output Disable Hold Time 

10 

- 

EH 

- 

Mil 

1 



t RCS 

Read Command Set-Up Time 

0 

- 

m 

- 

0 

- 

ns 


c RCH 

Read Command Hold Time 

0 

- 

EH 

- 

m 

- 



C WP 

Write Pulse Width 

60 

- 

EH 

- 

85 

- 

ns 


t WCH 

Write Command Hold Time 


EDED 

m 

2B 

MM 


ns 


tCWL 

Write Command to CE Lead Time 


ILBibiil 

m 


85 




*-DSW 

Data Set-Up Time from R/W 

30 

- 

35 

_ 

45 


ns 


*-DSC 

Data Set-Up Time from CE 


- 

ia 

- 

45 

- 



C DHW 

Data Hold Time from R/W 

0 

- 

0 

- 

0 

- 

ns 

imi 

c DHC 

Data Hold Time from CE 

0 

- 

0 

- 

0 

- 



l ASC 

Address Set-Up Time 

0 

- 

0 

- 

0 

- 



tAHC 

Address Hold Time 

2 

- 

m 


30 

- 



c FC 

Auto Refresh Cycle Time 

Em 

- 

BBSS 

- 

EH 

- 

ns 


C RFD 

RFSH Delay Time from CE 

BE! 

■ 

50 

- 

[fni 

- 

ns 


C FAP 

RFSH Pulse Width (Auto Refresh) 

2 

8,0001 30j 8,000 

30 

8,000 


io 

t F p 

RFSH Precharge Time 

23 

- 

30 

- 

30 

- 

ns 

12 

tRHC 

RFSH Command Hold Tima 

ME 

- 

15 

- 

15 

- 

ns 

__ 

C FAS IRISH Pulse Width (Self Refresh) 

*,000 

- 

8,00f 

- 

8,000 

- 

ns 

12 

*-FRS 

CE Delay Time from RFSH 
(Self Refresh) 

160 

- 

190 

- 

225 

- 

ns 

12 

C REF Refresh Period (512 cycle, AOyAC) 

- 

8 

- 

8 

- 

8 

ms 


C T (Transit: ion Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 
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TC518128AP/ASP/AF/APL/ASPi/AFL-80, TC518128AP/ASP/AF/APL/ASPL/AFL-12 
TC518128AP/ASP/AF/APL/ASPL/AFL-10 


NOTES: 

1) Stress greater than those listed under ’’Absolute Maximum Ratings” may cause per¬ 
manent damage to the device. 


2) All voltages are referenced to GND. 

3) 1dD 0 depends on cycle rate. 

4) IdDO depends on output loading. Specified values are obtained with the output 
open. 


5) An initial pause of lOOys with high CE1 or low CE2 is required after power-up, 
before proper device operation is achieved. 


6) AC measurements assume ty=5ns. 

7) Timing reference level 

Input Level : Vxh = 2.6V 

VlL~0.6V 

Input Reference Level : Vxh = 2.4V 

V il =0.8V 

Output Reference Level: Vqh = 2-2V 

Vol=0.8V 


INPUT ■' )/ 

0.6 V / \ 

' 2.4 V 

. 0.8V 



OUTPUT 


‘2.2V 

L Ml _ 


INPUT REFERENCE OUTPUT REFERENCE 
LEVEL LEVEL 


8) Measured with a load equivalent to 2 TTL loads and lOOpF. 

9) tCHZ> toHZ> tvjRz define the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 


10) In write cycles, the input data is latched at the earlier of R/W or CE1 rising 
edge and CE2 falling edge. Therefore the input data must be valid during set-up 
time (tDSW or tDSC) and hold time ^DHW or ^DHC) * 

11) All address inputs are latched at the falling edge of CE1 and the rising edge of 
CE2. Therefore the all address inputs must be valid during t^sc and t^HC* 

12) Two refresh operation - auto refres h an d self refresh are defined by the RFSH 
pulse width under the condition of CEl=ViH or CE2 =Vxl* 

Auto refresh: RFSH pulse width £tyAP (max.) 

Self refresh: RFSH pulse width - ty^S (min.) 

The timing parameter (tyyg) must be kept for device proper operation in the 
following conditions. 


• after self refresh 

• in case of ”RFSH"= M L” after power-up 

13) The timings, tcE^^N*) and tcE(MAX*), muSt be kept for device proper operation 
as follows. 
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TC518128AP/ASP/AF/APL/ASPL/AFL-80, TC518128AP/ASP/AF/APL/ASPL/AFL-12 
TC518128AP/ASP/AF/APL/ASPL/AFL-10 



WRITE CYCLE-3 (OE Fix Low) 




















TC518128AP/ASP/AF/APL/flSPL/AFL-80, TC518128AP/ASP/AF/API/ASPL/AFL-I2 
TC518128AP/ASR/AF/APL/ASPI/AFL-10 


RFSH AUTO REFRESH 



V 0 L — 

NOTE: OE, R/W, AO 'v A16=Don’t care [21 : Don’t care 

SELF REFRESH 
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TC518128AP/ASP/AF/APL/ASPL/AFL-80. TC518128AP/ASP/AF/APL/ASPL/AFL-12 
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jOUTLINE DRAWINGS] (DIP32-P-600) 

Unit in mm 



Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is 0.15mm. 


These outline drawings are applied to: 


TC518128AP-80, 
TC518128AP-10, 
TC518128AP-12, 


TC518128APL-80 

TC518128APL-10 

TC518128APL-12 
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TC518128AP/ASP/AF/APL/ASPL/AFL-80, TC518128AP/ASP/AF/APL/ASPL/AFL-12 
TC518128AP/ASP/AF/ APL/ASPL/AFL-10 



Unit in mm 



Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is 0.15mm. 

These outline drawings are applied to : 

TC518128ASP-80, TC518128ASPL-80 
TC518128ASP-10, TC518128ASPL-10 
TC518128ASP-12, TC518128ASPL-12 
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TC518128AP/ASP/AF/APL/ASPI/AFL-80, TCS18128AP/ASP/AF/APL/ASPL/AFL-12 
TC518128AP/ASP/AF/API/ASPI/AFI-10 



n 



0.810.2 


Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is 0.15mm. 

These outline drawings are applied to: 

TC518128AF-80, TC518128AFL-80 
TC518128AF-10, TC518128AFL-10 
TC518128AF-12, TC518128AFL-12 
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TC518129AP/ASP/AF/APL/ASPL/AFL-80, TC518129AP/ASP/AF/APL/ASPL/AFL-12 
TC518129AP/ASP/AF/APL/ASPL/AFL-10 


IdescriptiqnI 


The TC518129AP Family is a 1M bit high speed CMOS Pseudo Static RAM organized as 131,072 
words by 8 bits. The TC518129AP Family utilizing one transistor dynamic memory cell with 
CMOS peripheral circuit provides large capacity, high speed and low power features. The 
feature includes single power supply of 5V±10%. The RFSH input allows two types of re¬ 
fresh operation - auto refresh and self refresh. The TC518129AP Family also features 
static RAM like write function that the input data is written into the memory cell at the 
rising edge of R/W, thus being easy to interface with microprocessor. CS standby 
mode being adopted in the TC518129AP Family, CE2 pin in the TC518128AP Family is changed 
to CS pin. This is moulded in a 32 pin standard 0.6 inch and 0.3 inch width plastic DIP 
and small-out line plastic flat package. 


I featuresI 


Organization: 1M bit (131,072 wordx 8 bit) 
Fast Access Time and Low Power Dissipation 



TC518129AP Family 

-80 

-10 

-12 

tCEA CE Access Time 

80ns 

LOOns 

120ns 

t 0EA 0¥ Access Time 

35ns 

40ns 

50ns 

^RC Cycle Time 

130ns 

160ns 

190ns 

Power Dissipation 

385mW 

330mW 

27 5m W 

Self Refresh Current 

1mA/200|j A (-L) 



(TOl* V 

EW) 


RFSH c 


32 

3 VdD 

Al6t 

2 

31 

3 A1 5 

A14 d 

3 

30 

3 CS 

AI2C 

4 

29 

3 R/W 

A 7 C 

5 

28 

3 A 1 3 

A 6 C 

6 

27 

3 A8 

A 5 C 

7 

26 

3 A 9 

A 1 C 

8 

25 

3 A 1 1 

A3 C 

9 

24 

3 oE 

A 2 C 

10 

23 

3 A1 0 

A 1 C 

1 1 

22 

3 CE 

AO C 

12 

21 

3 1/08 

I/Ol £ 

13 

20 

3 1/07 

1/02 t 

11 

19 

3 1/06 

1/03 C 

15 

18 

3 1/05 

GNDC 

16 

17 

3 1/04 


Single Power Supply: 5V±10% 

Auto refresh is capable by internal 
counter. 

Self refresh is capable by internal 
timer. 

All inputs and outputs: TTL com¬ 
patible 

CS standby cycle is capable* 

512 refresh cycle/8ms 
Logic Compatible: SRAM R/W Pin 
32 Pin Standard Plastic PKG 
TC518129AP/APL : 600 mil DIP 

ASP/ASPL: 300 mil DIP 
AF/AFL : 450 mil SOP 


BLOCK DIAGRAM! 


? ? 


A 1 G —1> [?) 


COLUMN 
A DDK ESS 

Burn;ii («) 


(PIN NAMES| 

AO ^ A16 

Address Inputs 

R/W 

Read/Write Control 
Input 

OE 

Output Enable Input 

RFSH 

Refresh Input 

CE 

Chip Enable Input 

CS 

Chip Select Input 

1/01^1/08 

Data Inputs/Outputs 

Vdd 

Power 

GND 

Ground 


A8 


-*>0£ 


HOW ADDRESS 
BUFFER (ii) LJ 


CO LUMN 
DECODE II 


SENSE AMI*. 
I/O GATE 


N 


REF HESII 
COUNT Ell 


a I 
8 


CE ' 
CS I 


CLOCK 

GENERATOR 


1 US H o- 


OE 


K/W O- 


2U 


512 


MEMORY 
AH HAY 


512 x 256X8 


< u, 
H D 
C O 

a 


is 


u 


REFRESH 

- 

REFRESH 

CONTROLLER 

w 

TIMER 


s ® 

3 cd 
O U3 

< fc 

H D 


=0- 

k> 
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TC518129AP/ASP/AF/APL/ASPL/AFL-80, TC518129AP/ASP/AF/APL/ASPI/AFL-12 
TC518129AP/ASP/AF/APL/ASPL/AFL-10 


I FUNCTION LOGIC 



CS at CE goint Low 

OE 

R/W 

RFSH 

AO ^ A16 

I/Ol 'V. 8 

CONDITION 

B 

H 

B 

H 

B 

v* 

OUT 

Read 

H 

H 

ss 

L 


V* 

IN 

Write 

B 

H 

H 

H 

H 

V* 

HZ 

CE only Refresh 

B 

H 

H 

sV 


* 

HZ 

CS Standby 

H 

* 

|| 

* 

El 

* 

HZ 

Auto/Self Refresh 

H 

* 

mm 

* 

H 

* 

HZ 

Stand-by 


H — High Level Input (Vjn=6.5V % Vjh min.) 

L — Low Level Input (Vin~ v IL max.^-1.0V) 

* — Don’t care (6.5V%-1.0V) 

V* — At CE falling edge, all address inputs are "IN", and at the other condition, the 
address input are 

HZ — High Impedance 


[absolute maximum ratings 1 


SYMBOL 

ITEM 

RATING 

UNITS 

NOTE 

VlN 

Input Voltage 

..... 

•1.0*7.0 

V 

1 

v OUT 

Output Voltage 

-1.0 % 7.0 

V 

V DD 

Power Supply Voltage 

-1.0% 7.0 

V 

t opr 

Operating Temperature 

0% 70 

°C 

t STG 

Storage Temperature 

-55% 150 

°C 

TsOLDER 

Soldering Temperature • Time 

260 • 10 

°C • sec 

Pd 

Power Dissipation 

600 

mW 

I OUT 

Short Circuit Output Current 

50 

mA 


DC RECOMMENDED OPERATING CONDITIONS] (Ta-0*W0°C) 


SYMBOL 

ITEM 

MIN. 

TYP. 

MAX. 

UNIT 

NOTE 

VDD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

2 

E 

Input High Voltage 

2.4 

- 

6.5 

V 

mm 

Input Low Voltage 

i 

i—* 

o 

- 

0.8 

V 
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TC518129AP/ASP/AF/APL/ASPL/AFL-80, TC518129AP/ASP/AF/APL/ASPL/AFL-12 
TC518129AP/ASP/AF/APL/ASPL/AFL-10 


I DC ELECTRICAL CHARACTERISTICS I (V DD =5V±10%, Ta=0^70°C) 


SYMBOL 

PARAMETER 

PERIOD 

MIN. 

TYP. 

MAX. 




Operating Current 


130ns 

- 

50 

70 


■ 

IDDO 

(Average Power Supply Operating Current) 

160ns 

- 

40 

60 

mA 

D 


CE Address cycling: t RC =t RC 

MIN. 

190ns 

- 

B 

50 


B 

iDDSl 

Standby Current 

TC5 L8129AP/ASP/AF 

m 

| 


mA 

■ 

ce=v ih , rfsh=v ih 

TC518129APL/ASPL/AFL 

a 

B 

B 

fl 

IDDS2 

Standby Current 

ce=v dd -o.2v 

RFSH=V dd ~0.2V 

TC5X8129AP/ASP/AF 

B 

- 

1 

mA 

B 

TC518129APL/ASPL/AFL 

B 

100 

200 

pA 

■ 

IDDF1 

Self Refresh Current 

TC518129AP/ASP/AF 

B 

- 

B 

mA 

B 

ce=v ih , rfsh=v il 

TC518129APL/ASPL/AFL 

- 

- 

B 

B 

J DDF2 

Self Refresh Current 

TC5L8129AP/ASP/AF 

- 

- 

B 

mA 

B 

CE=V D d-°- 2V , RFSH-O.2V 

TC5L8129APL/ASPL/AFL 

- 

100 

200 

pA 

fl 

I X(L) 

Input Leakage Current 

0V<V IN <V DD , All other inputs not under test=0V 

-10 

■ 

10 

PA 

B 

J 0(L) 

Output Leakage Current 

Output Disable 

(CE-Vih or OE-VIH or R/W=Vil) 

OV 5 VQUT S VDD 

-10 

- 

10 

pA 

■ 

V 0H 

Output High Level 

I OH s= ” 5mA 

m 

■ 

B 

V 

B 

V 0 L 

Output Low Level 
l0L=4.2m A 

■ 

B 

0.4 

B 

B 


|CAPACITANCE] (V dd =5V, £=1MHz, Ta=25°C) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

C I1 

Input Capacitance (A0^A16) 

wm 

5 

P F 

C I2 

Input Capacitance (CE, CS, OE, R/W, RFSH) 

B 

7 

pF 

C I0 

Input/Output Capacitance 

- 

7 

pF 


NOTE) This parameter is periodically sampled and is not 100% tested. 
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TC518129AP/ASP/AF/APL/ASPL/AFL-80, TC518129AP/ASP/AF/APL/ASPL/AFL-12 
TC518129AP/ASP/AF/APL/ASPL/AFL-10 


| ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS | 

(V DD =5m° % , Ta=0^ 70 <> C) (NOTES: 5, 6, 7, 8) 


SYMBOL 

PARAMETER 

-80 

1 -10 . 

1 -12 

UNITS 

NOTES 



MIN. 

MAX. 


MAX. 

tRC 

Random Read, Write Cycle Time 

130 

- 

160 

- 

| 190 

- 

ns 


tRMW 

Read Modify Write Cycle Time 

195 

- 

235 


MSM 

- 

ns 


mm 

CE Pulse Width 

80 

10,000 

100 


Ikes 


ns 

13 

t P 

CE Precharge Time 

40 

- 



60 


ns 


t CEA 

CE Access Time 

- 

80 

■BE 


- 


ns 


t OEA 

OE Access Time 

- 

35 

- 


- 

50 

ns 


t CLZ 

CE to Output in Low-Z 

10 

- 

10 


10 

- 

ns 


tQLZ 

OE to Output in Low Z 

0 

- 

0 

E 

0 

- 

ns 


i9 

Output Active from End of Write 

0 

- 

0 

- 

0 

- 

ns 


tCHZ 

Chip Disable to Output in High-Z 

0 

25 

Si 

30 

0 

35 

ns 

9 

t OHZ 

OE Disable to Output in High—Z 

0 

25 


30 

0 

35 

ns 

9 

gjBB 

Write Enable to Output in High-Z 

0 

25 


30 

0 

35 

ns 

9 


OE Output Disable Set-Up Time 

0 

- 


- 

0 

- 

ns 


tODH 

OE Output Disable Hold Time 

10 

■ 

10 

■ 

10 

mam 

ns 


tRCS 

Read Command Set-Up Time 

0 

mm 

0 

g 

0 

mm 

ns 


t-RCH 

Read Command Hold Time 



0 

EE 

0 


ns 


C css 

Chip Select Set-Up Time 

_ 0 

- 

0 

- 

0 

- 

ns 


tCSH 

Chip Select Hold Time 


- 

25 

- 

30 

- 

ns 


£ WP 

Write Pulse Width 

60 

- 


- 

85 

- 

ns 


tWCH 

Write Command Hold Time 

60 

10,000 

70 

10,00C 

85 

L0,000 

ns 



Write Command to CE Lead Time 

■9 


70 

10,00C 

85 

10,000 



BTW 

Data Set-Up Time from R/W 

Eg 


35 

- 

45 

- 

ns 

10 

c DSC 

Data Set-Up Time from CE 

EE 

- 

35 

- 

45 

- 

ns 

■Ell 

tDiiw 

Data Hold Time from R/W 

0 

- 

0 

- 

0 

- 

ns 

10 

t DHC 

Data Hold Time from CE 

0 

■ 

0 

- 

0 

- 

ns 

10 

tASC 

Address Set-Up Time 

0 

i 

0 

- 

0 

- 

ns 

11 

t AHC 

Address Hold Time 


■ 

25 

- 

30 

- 

ns 

11 

tFC 

Auto Refresh Cycle Time 

■ 

- 

160 

- 

190 

- 

ns 


£ RFD 

RFSH Delay Time from CE 


- 

50 

- 

60 

- 

ns 


tFAP 

RFSH Pulse Width (Auto Refresh) 


8,000 


8,000 

30 

8,000 

ns 

12 

t FP 

RFSH Precharge Time 

30 

- 

30 

- 

30 

- 

ns 

12 

tRHC 

RFSH Command Hold Time 

15 

- 

15 

- 

15 

- 

ns 


tFAS 

RFSH Pulse Width (Self Refresh) 

8,000 

- 

8,000 

■ 

8,000 

- 

ns 

12 

tFRS 

CE Delay Time from RFSH 
(Self Refresh) 

160 

- 

190 

■ 

225 

- 

ns 

12 


Refresh Period (512 cycle, AO'vAS) 

- 

8 

- 

8 

- 

8 

ms 

mm\ 


Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

ns 

H 
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TC518129AP/ASP/AF/APL/ASPL/AFL-80, TC518129AP/ASP/AF/APL/ASPL/AFL-12 
TC518129AP/ASP/AF/APL/ASPL/AFL-10 


NOTES: 

1) Stress greater than those listed under "Absolute Maximum Ratings" may cause perma¬ 
nent damage to the device. 

2) All voltages are referenced to GND. 

3) IpDO depends on cycle rate. 

4) IpDO depends on output loading. Specified values are obtained with the output open. 

5) An initial pause of lOOps with high CE is required after power-up, before proper 
device operation is achieved. 

6) AC measurements assume t<p=5ns. 2,6V 

INPUT 

7) Timing reference level 0.6V 

Input Level : Vjjp2.6V 

V IL =0.6V OUTPUT 

Input Reference Level : Vjjj“2.4V 

V IL=0.8V INPUT HE FERENC E OUTPUT REFERENCE 

Output Reference Level: Vqu=2.2V level level 

V ol =°.8V 

8) Measured with a load equivalent to 2 TTL loads and lOOpF. 

9) tQjz* tQHz, typ^ define the time at which the output achieves the open circuit 
condition and is not referenced to output voltage levels. 

10) In write cycles, the input data is latched at the earlier of R/W or CE rising edge. 
Therefore the input data must be valid during set-up time (tpg^ or t^g^) and hold 
time (t DHW or t DHC ). 

11) All address inputs are latched at the falling edge of CE. Therefore the all address 
inputs must be valid during t^sc an d t AHC* 

12) Two refresh operation - auto refresh and self refresh are defined by the RFSH pulse 
width under the condition of CE-Vjp. 

Auto refresh: RFSH pulse width! tp^p (max.) 

Self refresh: RFSH pulse width! tp^S (min.) 

The timing parameter (tppg) must be kept for device proper operation in the fol¬ 
lowing conditions. 

• After self refresh 

• In case of "RFSH M -"L" after power-up 



- E-39 - 



TC518129AP/ASP/AF/APL/ASPL/AFL-80, TC518129AP/ASP/AF/APL/ASPL/AFL-12 
TC518129AP/ASP/AF/APL/ASPL/AFL-10 


I TIMING WAVEFORMSl 
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TC518129AP/ASP/AF/APL/ASPL/AFL-80, TC518129AP/ASP/AF/APL/ASPL/AFL-12 
TC518129AP/ASP/AF/APL/ASPL/AFL-10 


































TC518129AP/ASP/AF/APL/ASPL/AFL-10 


RFSH AUTO REFRESH 


CE 


v III 
Vr 


RFSH 


I/O 1-1/08 


VlL 

VOII 


z / 

■ -=1 

i_ 


; 

1 H PI) 


i_ _!Jic_ U 


t RHC 

t KAl» 

^ 1 '<* 

1 I'M* 

l F 1* 


S ; _ 3 



. .. 1 

—_/ 

t \ 

/ i 

' 

r \ 

L_ 


01* EN 


VOL — 

NOTE: CS, Of, R/W, AO^A16=Don't care E2 s Don't care 
SELF REFRESH 


CE 


RFSH 


1 / 01 - 1/08 



NOTE: CS, OE, R/W, AOA16=Don*t care X/i/\ : Don't care 
CS STANDBY MODE 

l RC 


CE 


CS 


vin —- 
VlL “ 

V III —- 
V IL -- 


1 C 


l css 




l CE 


l CSH 


* \ 


r 


HFSH 


tm naa 


NOTE: OE, R/W, AO^ A16=Don' t care 


Wh Don,t care 



TC518129AP/ASP/AF/APL/ASPL/AFL-80, TC518129AP/ASP/AF/APL/ASPL/AFL-12 
TC518129AP/ASP/AF/APL/ASPL/AFL-10 



Note: Package width and length do not include mold protrusion, 
allowable mold protrusion is 0.15mm. 

These outline drqwings are applied to: TC518129AP-80, TC518129APL-80 

TC518129AP-10, TC518129APL-10 
TC518129AP-12, TC518129APL-12 
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TC518129AP/ASP/AF/APL/ASPL/AFL-80, TC518129AP/ASP/AF/APL/ASPL/AFL-12 
TC518129AP/ASP/AF/APL/ASPI/AFL-10 


OUTLINE DRAWINGS! (DIP32-P-300) 


Unit in mm 




Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is 0.15mm. 

These outline drawings are applied to: TC518129ASP-80, TC518129ASPL-80 

TC518129ASP-10, TC518129ASPL-10 
TC518129ASP-12, TC518129ASPL-12 
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TC518129AP/ASP/AF/APl/ASPl/AFL-80, TC518129AP/ASP/AF/APL/ASPL/AFL-12 
TC518129AP/ASP/AF/APL/ASPI/AFL-10 



n 



Note: Package width and langth do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 

These outline drawings are applied to: TC518129AF-80, TC518129AFL-80 

TC518129AF-10, TC518129AFL-10 
TC518129AF-12, TC518129AFL-12 
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TOSHIBA MOS MEMORY PRODUCTS 


TMM2018AP-25, TMM2018AP-35, TMM20I8AP-45 

IDESCRIPTIONl 


The TMM2018AP is a 16,384 bits high speed and low power static random access memory 
organized as 2,048 words by 8 bits and operates from a single 5V supply. 

Toshiba’s high performance device technology provides both high speed and low power 
features with a maximum access time of 25ns/35ns/45ns and maximum operating current 
of 150mA/135mA/135mA. When CS" goes high, the device is deselected and placed in a 
low power standby mode in which maximum standby current is 20mA. 

Thus the TMM2018AP is most suitable for use in cache memory and high speed storage. 
The TMM2018AP is offered in a 24 pin standard plastic package with 0.3 inch width for 
high density assembly. 

The TMM2018AP is fabricated with ion implanted N channel silicon gate MOS technology 
for high performance and high reliability. 


IfeaturesI 

• Fast access time 

t A ccr 25ns: TMM2018AP-25 
tACC=35ns: TMM2018AP-35 
t ACC !S 45ns: TMM2018AP-45 

• Low power dissipation 

I cc =150mA: TMM2018AP-25 
I cc =135mA: TMN2018AP-35 
lCC~135mA: TMM2018AP-45 
ISB = 20mA 


• Single 5V power supply 

• Fully static operation 

• All inputs and outputs: Directly TTL compatible 

• Power down feature: CS=Vjh 

• Output buffer control: DPI 

• Three state outputs 

• Inputs protected: All inputs protection against 

static charge. 

• Package: 24 pin standard plastic package, 0.3 inch 

width. 


I PIN CONHECTIONl 


Iblock diagram! 


A7 E 

1 

A 6 E 

2 

A5C 

3 

A 4 E 

4 

A3 C 

5 

A2 E 

6 

A1E 

7 

AO e 

8 

1/01E 

9 

1/02 C 

10 

1/03 E 

11 

ONDE 

12 


24 

D V CC 

23 

DAS 

22 

□ A 9 

21 

□ WE 

20 

□ OE 

19 

□ A10 

18 

DCS 

17 

□ 1/08 

16 

□ 1/0 7 

15 

□ 1/0 6 

14 

□ 1/05 

13 

□ 3/04 




£ 

w 


PIN names! 

AO %A10 

Address Inputs 



CS 

Chip Select Input 

WE 

Write Enable Input 

OE 

Output Enable Input 

v cc 

Power (+5V) 

GND 

Ground 



F-3 






















TMM2018AP-25, TMM2018AP-35, TMM2018AP-45 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

V CC 

Power Supply Voltage 

-3.5 %7.0 

V 

VlN 

Input Voltage 

-3.5% 7.0 

V 


Input/Output Voltage 

-3.5 % 7.0 

V 

T opr 

Operating Temperature 

0 %70 

°C 

T stg 

Storage Temperature 

-55 % 150 

°C 

^solder 

Soldering Temperature * Time 

260 • 10 

°C* sec 

P D 

Power Dissipation 

0.9 

W 

I 0UT 

D.C. Output Current 

20 

mA 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 



■EEH 

Input High Voltage 


- 


V 

WBBSm 

Input Low Voltage 


- 

0.8 

v cc 

Power Supply Voltage 

4.5 

5.0 

5.5 


* Pulse Width: 10ns, DC: -0.5V (MIN.) 


D.C. CHARACTERISTICS (Ta*Q'WO c, C, V CC=5V±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

IlL 

Input Current 

Vin=0 ^ Vcc 

- 

±1.0 

pA 

VOH 

Output High Voltage 

IOH = ~4.0mA 

2.4 

- 

V 

V 0L 

Output Low Voltage 

Iql~ 8.0mA 

- 

0.4 

V 

X LO 

Output Leakage Current 


- 

±1.0 

pA 

I cc 

Operating Current 

cs=Vi L 


- 

150 


-35 

- 

13*5 

-45 

- 

135 

P SB 

Standby Current 

cs=Vnj 


- 

20 

mA 

1 SBP 

Peak Power-on Current 

cs=v cc , V C C=0^5.5V 

- 

40 


CAPACITANCE* (Ta=25°C, f=lMHz) 


SYMBOL 

PARAMETER 

CONDITIONS 

MAX. 

UNIT 

warn 

Input Capacitance 

VlN“0V 

5 



Output Capacitance 

Vqut^OV 

10 


* Note: This parameter is periodically sampled and is not 100% tested. 


F-4 








































TMM2018AP-25, TMNI2018AP-35, TMM2018AP-45 

A.C. CHARACTERISTICS (Ta=0'W0°C, V CC *5V±10%) 


Read Cycle 


SYMBOL 

PARAMETER 




UNIT 



MIN. 



MAX. 

tRC 

Read Cycle Time 

25 

- 

35 

- 


- 


tACC 

Address Access Time 


25 



- 

45 


t CO 

Chip Select Access Time 

- 

25 


35 

- 

45 


t OE 

Output Enable to Output Valid 

- 

15 

- 

20 

- 

20 


c CLZ 

Chip Selection to Output in Low-Z 

0 

- 

0 

- 

0 

- 


t CHZ 

Chip Deselection to Output in 
High-Z 

- 


IB 


- 

20 

ns 

c OLZ 

Output Enable to Output in Low-Z 

0 



■BH 


- 


t OHZ 

Output Disable to Output in High-Z 

- 


- 



15 


t OH 

Output Data Hold Time 

5 

- 

5 

mm 

5 

- 


C PU 

Chip Selection to Power Up Time 

0 

- 

0 

- 

0 

- 


C PD 

Chip Deselection to Power Down 

Time 


20 

- 

30 

- 

30 



Write Cycle 


SYMBOL 

PARAMETER 

TMM2018AP-25 

TMM2018AP-35 

TMM2018AP-45 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

t WC 

Write Cycle Time 

25 

- 

35 

- 

45 

- 

ns 

c CW 

Chip Selection to End of Write 

20 

- 

30 

- 

40 

- 

t AS 

Address Set Up Time 

0 

- 

0 

- 

0 

- 

C WP 

Write Pulse Width 

20 

- 

30 

- 

35 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

C WLZ 

WE to Output in Low-Z 

0 

- 

0 

- 

0 


t \-7HZ 

WE to Output in High-Z 

- 

12 

- 

15 

- 

15 

C DS 

Data Set Up Time 

12 

- 

15 

- 

20 

- 

t DH 

Data Hold Time 

0 

- 

0 

- 

0 

- 


A.C. TEST CONDITIONS 


Input Pulse Levels 

3.0V/0.0V 

Input-Rise and Fall Times 

5ns 

Input and Output Timing 
Reference Levels 

2.0V/0.8V 

Output Load 

See Fig.l 
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TMM2018AP-25, TMM2018AP-35, TMM2018AP-45 


TIMING WAVEFORMS 

READ CYCLE 1. (WE=V IH , CS=V IL ) 


Add . 


OE 


D OUT 



READ CYCLE 2. (WE=V JH , OE-V JL ) 



WRITE CYCLE 1. 
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TMM2018AP-25, TMM2018AP-35, TMM2018AP-45 



Note: 1. In read cycle 2, all addresses are valid prior to or coincident 

with CS transition low. 

2. The operating temperature (Ta) is guaranteed with transverse air 
flow exceeding 400 linear feet per minute. 


F-7 


2.5 MI N 5.0MAX 


TMHI2018AP-25, TMM2018AP-35, TMM2018AP-45 


OUTLINE DRAWINGS 


Unit in mm 



Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their longitudinal 
position with respect to No.l and No.24 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC5588P/J-15, TC5588P/J-20, TC5588P/J-25 


[description! 

The TC5588P/J is a 65,536 bits high speed static random access memory organized as 
8,192 words by 8 bits using CMOS technology, and operated from a single 5~volt supply. 
Toshiba 1 s CMOS technology and advanced circuit form provides high speed feature. 

The TC5588P/J has low power feature with device control using Chip Enable (HEI/CE2), 
and has Output Enable Input (OE) for fast memory access. Also the device power at 
memory access is reduced by automatic power down circuit form. The TC5588P/J is suit¬ 
able for use in cache memory where high speed is required, and high speed storage. 

All Inputs and Outputs are directly TTL compatible. 

The TC5588P/J is moulded in 28 pin standard DIP and SOJ with 300 mil width for high 
density surface assembly. 

IFEATURESI 


Fast access time: 

TC5588P/J-15 15ns(MAX.) 

TC5588P/J-20 20ns(MAX.) 

TC5588P/J-25 25ns(MAX.) 

Low power dissipation: 

Operation TC5588P/J-15 120mA(MAX.) 

TC5588P/J-20 100mA(MAX.) 
TC5588P/J-25 100mA(MAX.) 


5V Single power supply: 5V±10Z 
Fully static operation 
Directly TTL compatible: All Input and 
__ Output 

Output buffer control: OE 
Package: 

28 Pin plastic 300 rail DIP: TC5588P 
28 Pin plastic 300 mil SOJ: TC5588J 


Standby 

I PIN connection! 

(TC5588P) 


lmA(MAX.) 


(TC5588J) 



(DIP) 


(SOJ) 


IPIN NAMESl 

AO 'v A12 

Address Inputs 

1/01 -V 1/08 

Data Input/Output 

en, ce2 

Chip Enable Input 

WE 

Write Enable Input 

OE 

Output Enable Input 

VDD 

Power (+5V) 

GND 

Ground 


[BLOCK DIARAM] 


MSB 


A1 2 C 


LSB 


A5 C 


CLOCK 
GENERATOR k 


PRECHARGE 

CIRCUIT 


coni 

sas 

S<cd 


Q 

■SO 

sa 

n 


MEMORY CELL 
ARRAY 

256X32X8 
(65 536) 


I/Oi o- 


1/08 O- 




SENSE AMP 


COLUMN 

DECODER 


COLUMN ADDRESS 

BUFFER 


TTTTT 

A4 --. AO 

MSB r ^^ LSB 


WE 

HE 

CE2 

CEl 


j 8 

sp 

gig 

P-H 


3 


> VDD 
>CND 


5 

°2 

i 
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TC5588P/J-15, TC5588P/J-20, TC5588P/J-25 


MAXIMUM RATINGS| 

SYMBOL 

ITEM 

RATING 

UNIT 

V DD 

Power Supply Voltage 

-0.3 * 7.0 

V 

V IN 

Input Voltage 

-2.0 ^ 7.0 

V 

v OUT 

Output Voltage 

-0.5^ Vdd*K) . 5 

V 

PD 

Power Dissipation 

1.0 

W 

^solder 

Soldering Temperature • Time 

260 • 10 

°C*sec 

T strg 

Storage Temperature 

-65 ^ 150 

°C 

T opr 

Operating Temperature 

0 ^ 70 

°C 


1 D.C. RECOMMENDED OPERATING CONDITIONS (Ta=0^70°C)| 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VDD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 


Input High Voltage 

2.2 

- 

Vdd+O-3 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 


D.C. CHARACTERISTICS (Ta=OWO°C, Vdd=5V±10%) | 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ebb 

Input Leakage Current 

v IN=0* V DD 

- 

- 

EI 

pA 

Qflli 

Output High Current 

V OH =2.4V 

wsm 

- 

- 

— 

I 0L 

Output Low Current 

V 0L =0.4V 

8 

- 

- 

|| 

ILO 

Output Leakage Current 

ClI=V IH or CE2 =V il or WE=V IL 
Vqut =0 ^ V DD 

■ 

fll 

±1 

B 

i DD0 

Operating Current 

V D d= 5.5V, t C y C x e =Min cycle 
CE1 =Vjl and CE2 —Vj^j 

Other Input= v IH/VlL 




120 

mA 

B81 

EE 

■ 

■ 

100 

I DDS1 

Standby Current 

V dd = 5.5V, t cyc i e =Min cycle 
CE1=V IH or CE2 =V il 

Other Input-Vxn/VxL 

■ 

■ 

20 

mA 

T *1 

I DDS2 

6eI=V dd - 0.2V or CE2-Q.2V 

Other Input=VDD-0.2V or 0.2V 

■ 

- 

B 


*1: In standby mode with CEl^Vpp-O.2V, these specification limits are guaranteed 
under the condition of CE1 =Vdd- 0.2V or CE2£0.2V. 


CAPACITANCE* 2 (Ta=25°C, f-l.OMHz) 

SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

ClN 

Input Capacitance 

Vin=GND 

5 

pF 

Cqut 

Output Capacitance 

Vqut-gnd 

7 

pF 


*2: This parameter periodically sampled is not 100% tested. 
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TC5588P/J-15, TC5588P/J-20, TC5588P/J-25 


A.C. CHARACTERISTICS 


(Ta-0~70 C. VDD-5V±10X) 


READ CYCLE 


SYMBOL 

PARAMETER 

TC5588P/J-15 

TC5588P/J-20 

TC5588P/J-25 

UNIT 

MUM 


MIN. 

MAX. 

MIN. 

MAX. 

■Asi 

Read Cycle Tine 

15 

- 

20 

- 

25 

- 

ns 


Address Access Time 

- 

15 

- 

20 

- 

25 

tcoi 

CE1 Access Time 

- 

15 

- 

20 

- 

25 

t C02 

CE2 Access Time 

- 

15 

- 

20 

- 

25 

tOE 

OE Access Time 

- 

9 

- 

10 

- 

12 

t OH 

Output Data Hold Time from Address Change 

5 

- 

5 

- 

5 

- 

t COE 

Output Enable Time from CE1 or CE2 

5 


5 

- 

5 

- 

t COD 

Output Disable Time from CE1 or CE2 

- 


- 

10 

- 

10 

tOEE 

Output Enable Time from OE 

0 



- 


- 

■im:« 

Output Disable Time from OE 

- 

8 

- 

8 

- 

10 


Chip Selection to Power Up Time 

■Qj 

- 

0 

- 

0 

- 

B3S 

Chip Deselection to Power Down Time 

- 

15 

- 

15 

- 

20 


WRITE CYCLE 


SYMBOL 

PARAMETER 

TC5588P/J—15 

TC5588P/J-20 

TC5588P/J—25 

UNIT 

mw 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

HU 

Write Cycle Time 

mm 

- 

20 

- 

25 

- 


m 

Chip Enable to End of Write 

12 

- 

13 

- 

15 

- 


D9 

Address Set Up Time 

0 

- 

0 

- 

mom 

- 


t WP 

Write Pulse Width 

12 

- 

13 

- 

15 

- 

ns 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 



Data Set Up Time 

9 

- 

10 

- 

12 

- 


Htlil 

Data Hold Time 


- 


- 

0 

- 


tOEW 

Output Enable Time from WE 

0 

- 

0 

- 

0 

- 


tODW 

Output Disable Time from WE 

- 

8 

- 

8 

- 

10 



1 AC TEST CONDITIONS! 


Input Pulse Levels 

3.ov/o.ov 

Input Pulse Rise and 
Fall Times 

3ns 

Timing Measurement 
Reference Levels 

2.0V/0.8V 

Output Load 

**1 

OQ 

I-* 


I Fig. H 


I/O pin 

o— 

CL=30pF 


5V 

<? 


480n 


255a 


VOpin 

CL=5pF :: 
7 ir 


5V 


^soa 


I 255 a 


(For t C0E , t 0 £E» t COD» 
tQDO* *OEW and tQDw) 
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TC5S88P/J-15, TC5588P/J-20, TC5588P/J-25 



WRITE CYCLE 1 (4) (T7E Controlled Write) 







TC5588P/J 


WRITE CYCLE 2 (4) (CEl Controlled Write) 


l wc 


ADDRESSES ^ 



l AS | 







W///A 

mmmmmamam 



CEl T 1 

t C0E(5) 

°OUT 

pss 

l 

itijj 

'iWAV/Jl 


UNKNOWN 



WRITE CYCLE 3 (4) (CE2 Controlled Write) 



din 
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, TC5588P/J-20, TC5588P/J-25 



___ 

IB 


1 a tWR 


W//////////////////////////A 

\ 

W 

'l 

\ . . 


w/m/mmm 


High Impedance 

l DS 

u 

DATA IN V 

STABLE _/\ 

















TC5588P/J-15, TC5588P/J-20, TC5588P/J-25 


NOTE: 1. WE is High for Read Cycle. 

2. Assuming that CE1 Low transition or CE2 High transition occurs coinci- 
dent with or after WE Low transition. Outputs remain in a high impedance 
state. 

3. Assuming that CE1 High transition or CE2 Low transition occurs coinci¬ 
dent with or prior to WE High transition. Outputs remain in a high 
impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance 
state during this period. 


5. These parameters are specified as follows and measured by using the 
load shown in Fig. 1. 


(A) t COE» t OEE» c OEW . Output Enable Time 

(B) t C0D , t 0D0 , t 0 DW . Output Disable Time 


CE1,OE 

WE,CE2 


D OUT 
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TC5588P/J-15, TC5588P/J-20, TC5588P/J-25 

OUTLINE DRAWINGS 

• Plastic DIP (DIP28-P-300B) 

UNIT: nun 



Note: Package width and length do not include mold protrusion, 
allowable mold protrusion is 0.15mra. 
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TC5588P/J-15, TC5588P/J-2Q, TC5588P/J-25 


lOUTLINE DRAWINGS I 

• Plastic SOJ 


UNIT: mm 


inn,n n n n.rzi..a.r: 

i n m m n; 

INDEX DOT 

\ 




Each lead pitch is 1.27mm. 

All leads are located within 0.12mm of the true longitudinal position 
with respect to No.l and No.28 leads. 
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TOSHIBA RIOS MEMORY PRODUCTS 

TC5589P/J-15, TC5589P/J-20. TC5589P/J-25 


(description! 

The TC5589P/J is a 73,728 bits high speed static random access memory organized as 
8,192 words by 9 bits using CMOS technology, and operated from a single 5-volt supply. 
Toshiba*s CMOS technology and advanced circuit form provides high speed feature. 

The TC5589P/J has low power feature with device control using Chip Enable (CE1/CE2), 
and has Output Enable Input (OE) for fast memory access. Also the device power at 
memory access is reduced by automatic power down circuit form. 

The TC5589P/J is suitable for use in cache memory where high speed is required, 
and high speed storage. 

All Inputs and Output are directly TTL compatible. 

The TC5589P/J is moulded in 28 pin standard DIP and SOJ with 300 mil width for high 
density surface assembly. 


| FEATURES 

• Fast access time: 

TC5589P/J-15 15ns(MAX.) 

TC5589P/J-20 20ns(MAX.) 

TC5589P/J-25 25ns(MAX.) 

• Low power dissipation: 

Operation TC5589P/J-15 120mA(MAX.) 

TC5589P/J-20 100mA(MAX.) 
TC5589P/J-25 10GmA(MAX.) 


• 5V single power supply: 5V±10% 

• Fully static operation 

• Directly TTL compatible: All Input and 

_ Output 

• Output buffer control: OE 

• Package: 

28 Pin plastic 300 mil DIP: TC5589P 
28 Pin plastic 300 mil SOJ: TC5589J 


Standby 


1mA(MAX.) 


PIN connection! 

(TC5589P) 



(DIP) 


PIN NAMES 


(TC5589J) 



I/Ol [ 10 
1/02 [11 
1/03 [ 12 
1/04 C 13 
GND[ 14 


28 J VDD 
27 J WE 
26) CE2 
25 1 A9 
24 1A10 
23 ) A1 1 
22 JOE 
21 JA12 
201£eT 

19JI/09 
811/08 
1711/07 
16 11/06 
15 11/05 


(SOJ) 


AO A. A12 

Address Inputs 

1/01 ^ 1/09 

Data Input/Output 

CEl, CE2 

Chip Enable Input 

WE 

Write Enable Input 

OE 

Output Enable Input 

VDD 

Power (+5V) 

GND 

Ground 
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TC5589P/J-15, TC5589P/J-20, TC5589P/J-25 


IMAXIMUM RATINGS] 

SYMBOL 

ITEM 

RATING 

UNIT 

VDD 

Power Supply Voltage 

-0.3 ^ 7.0 

V 

VIN 

Input Voltage 

-2.0 ^ 7.0 

V 

VOUT 

Output Voltage 

-0.5 'v- VDD+0.5 

V 

PD 

Power Dissipation 

1.0 

W 

Tsolder 

Soldering Temperature • Time 

260 • 10 

°Osec 

Tstrg 

Storage Temperature 

-65 ^ 150 

°C 

Topr 

Operating Temperature 

0 ^ 70 

°C 


D.C. RECOMMENDED OPERATING CONDITIONS! (Ta=(K70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VDD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

VIH 

Input High Voltage 

2.2 

- 

VDD+0.3 

V 

VIL 

Input Low Voltage 

-0.3 


CO 

o 

V 



D.C. CHARACTERISTICS! (Ta=0^70°C, VDD=5V±10%) 

SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IIL 

Input Leakage Current 

VIN=0 ^ VDD 

- 

_ 

±1 


I0H 

Output High Current 

V0H=2.4V 

m 

- 

- 

mA 

I0L 

Output Low Current 

V0L=0.4V 

8 

- 

- 

mA 

ILO 

Output Leakage Current 

CEI=VIH or CE2=VIL or WE=VIL 
V0UT=0 'V VDD 

- 

B 

B 


IDD0 

Operating Current 

VDD=5.5V tcycle=Min cycle 
CE1=VIL and CE2=VIH 

Other Input=VIH/VXL 

-15 

- 

- 

QJB 

mA 

-20 

-25 

- 

■ 

100 

IDDS1 

Standby Current 

VDD=5.5V tcycle=Min cycle 
CEl=VIH or CE2=VIL 

Other Input=VIH/VIL 

B 

■ 

20 

mA 

*i 

IDDS2 

CEl=VDD-0.2V or CE2=0.2V 

Other Input=VDD-0.2V or 0.2V 

B 

B 

B 


*1: In standby mode with CEl^VDD-O.2V, these specification limits are 
guaranteed under the condition of CE2^VDD-0.2V or CE2£0.2V. 


I CAPACITANCE* 2 (Ta=25°C, f=1.0MHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

Cin 

Input Capacitance 

VIN=GND 

5 

pF 

Cout 

Output Capacitance 

V0UT=GND 

7 

PF 


*2: This parameter periodically samples is not 100% tested. 
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TC5589P/J-15, TC5589P/J-20, TC5589P/J-25 


A.C. CHARACTERISTICS 


(Ta-0~70 C. VDD-5Y±10» 


READ CYCLE 


SYMBOL 

PARAMETER 

TC5589P/J—15 

TC5589P/J-20 

TC5589P/J-25 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

t RC 

Read Cycle Time 

15 

- 

20 

- 

25 

- 

ns 

t ACC 

Address Access Time 

- 

15 

- 

20 

- 

25 

tCOl 

CE1 Access Time 

- 

15 

- 

20 

- 

25 

t C02 

CE2 Access Time 

- 

15 

- 

20 

- 

25 

tOE 

OE Access Time 

- 

9 

- 

10 

- 

12 

t OH 

Output Data Hold Time from Address Change 

5 

- 

5 

- 

5 


t COE 

Output Enable Time from CEi or CE2 

5 

- 

5 

- 

5 

- 

t COD 

Output Disable Time from CEI or CE2 

- 

10 

- 

10 

- 

10 

tOEE 

Output Enable Time from OE 

0 

- 

0 

- 

0 

- 

tODO 

Output Disable Time from OE 

- 

8 

- 

8 

- 

10 

t PU 

Chip Selection to Power Up Time 

0 

- 

0 

- 

0 

- 

t PD 

Chip Deselection to Power Down Time 

- 

15 

- 

15 

- 

20 


WRITE CYCLE 


SYMBOL 

PARAMETER 

TC5589P/J-15 

TC5589P/J—20 

TC5589P/J—25 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

t VC 

Write Cycle Time 

15 

- 

20 

- 

25 

- 


tCV 

Chip Enable to End of Write 

12 

- 

13 

- 

15 

- 


t AS 

Address Set Up Time 

0 

- 

0 

- 

0 

- 


t VP 

Write Pulse Width 

12 

- 

13 

- 

15 

- 

ns 

t VR ; 

Write Recovery Time 

0 

- 

0 

- 

0 

- 


t DS 

Data Set Up Time 

9 

- 

10 

- 

12 

- 


t DH 

Data Hold Time 

0 

- 

0 

- 

0 

- 


tOEV 

Output Enable Time from WE 

0 

- 

0 

- 

0 

- 


tODV 

Output Disable Time from WE 

- 

8 

- 

8 

- 

10 



I AC TEST CONDITIONS! 


Input Pulse Levels 

3.0V/0.0V 

Input Pulse Rise and 
Fall Times 

3ns 

Timing Measurement 
Reference Levels 

2.0V/0.8V 

Output Load 

Fig. 1 


Fig. l| 


5V 


U80Q 


I/'t) p i n 

o— 


CL=30pF 


4 : >2550 


►4 80H 


I/Opin 


CL=5pF^ 


► 2550 


(For t C0 E* ^EE* t COD» 
tQDO» tQEW and tQDW) 
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TC5589P/J-15, TC5589P/J-20, TC5589P/J-25 


TIMING WAVEFORMS; 
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TG5589P/J-15, TC5589P/J-20, TC5589P/J-25 


WRITE CYCLE 2 (4) (CE1 Controlled Write) 


ADDRESSES 


WE 


CE2 


CE1 


^OUT 


J IN 


B 

( t WC 

H 

P ;> 

r ^m 

■ 

tAS 

__Li 


I r tWK 


MSKSi 

m 

mmmmm 


■H II 



7/M 

BBj 


wmmM 

mm 


T 

tcOEO 

ml 

BH 

Hisrh Impedance 

B 

SHI 

,Bi 


\y u DATA IN 

yS_ STABLE 

~x _ 


WRITE CYCLE 3 (4) (CE2 Controlled Write) 
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TC5589P/J-15, TC5589P/J-20, TC5589P/J-25 


Note: 1. WE is High for Read Cycle. 

2. Assuming that CE1 Low transition or CE2 High transition occurs coincident 
with or after WE Low transition, Outputs remain in a high impedance state. 

3. Assuming that CE1 High transition or CE2 Low transition occurs coincident 
with or prior to WE High transition. Outputs remain in a high impedance 
state. 

4. Assuming tha OE is High for Write Cycle, Outputs are in high impedance 
state during this period. 

5. These parameters are specified as follows and measured by using the load 
shown in Fig. 1. 

(A) t C0E , t 0EE , t 0 £W . Output Enable Time 

(B) tcoDi tQDO* t ODW.. Output Disable Time 
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TC5589P/J-15, TC5589P/J-20, TC5589P/J-25 



Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC5561P/J-45, TC5561P/J-55, TC5561P/J-70 


[DESCRIPTION! 

The TC5561P/J is a 65,536 bit high speed static random access memory organized as 
65,536 words by 1 bit using CMOS technology, and operated from a single 5-volt supply. 
Toshiba's high performance device technology provides both high speed and low power 
features with a maximum access time of 45ns/55ns/70ns and maximum operating current of 
100mA at minimum cycle time. The TC5561P/J also features an automatic stand-by mode. 
When deselected by Chip Enable (CE), the operating current is reduced from 100mA to 2mA 
The TC5561P/J is suitable for use in main memory of high speed computer and pattern 
memory, where high speed/low power/high density are required. The TC5561P is moulded 
in a 22 pin plastic DIP with 300 mil width for high density assembly and the TC5561J is 
moulded in a 24 pin plastic SOJ with 300 mil width for high density surface assembly. 
The TC5561P/J is fabricated with ion implanted CMOS silicon gate MOS technology for 
high performance and high reliability. 


IfeaturesI 


Fast access time: TC5561P/J-45 45ns(MAX.) 

TC5561P/J-55 55ns(MAX.) 
TC5561P/J-70 70ns(MAX.) 

Low power dissipation: Operation 100mA(MAX.) 

Standby 2mA(MAX.) 


1PIf■! connection! 

TC5561P 
(TOP VIEW) 


5V single power supply 
Fully static operation 

Directly TTL compatible: 
All Input and Output 

I/O separate 


Package: 


TC5561J 
(TOP VIEW) 


22 Pin plastic 
; TC5561P 


300 mil DIP 


ao [ 

A1 C 

A2 C 
A3 C 
A 4 C 
A 5 [ 
A 6 [ 
A 7 [ 
DOUT [ 


we qio 


GND D 


n 


22 3 V DD 
21 3 A15 
20 ] A14 
19 3 A13 
18 3 A12 
17 ] All 
16 ] A10 
15 3 A9 
14 3 A8 
13 3 DI N 
12 3 CE 


24 Pin plastic 300 mil SOJ 
: TC5561J 


(DIP) 


[PIN names! 


A0 -VA15 

Address Inputs 

din 

Data Input 

d 0UT 

Data Output 

CE 

Chip Enable Input 

WE 

Write Enable Input 

V DD 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 



—P>—° D OUT 


WE O- 
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TC5561P/J-45, TC5561P/J-55, TC5561P/J-70 


| MAX I MUM RATINGS) 


SYMBOL 

ITEM 

RATING 

UNIT 

V DD 

Power Supply Voltage 

-0.3 'W.O 

V 

VlN 

Input Voltage 

-2.0 ^7.0 

V 

V 0UT 

Output Voltage 

-0.5 A/Vqq+O.5 

V 

p D 

Power Dissipation 

650 

mW 

^solder 

Soldering Temperature 

260 . 10 

°C . sec 

T stg 

Storage Temperature 

-65 150 

°C 

T opr 

Operating Temperature 

0 ^70 

°C 


1 D.C. RECOMMENDED OPERATING CONDITIONS| 

SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VdD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

Vm 

Input High Voltage 

2.2 

- 

Vdd+0.3 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

V DH 

Data Retention Supply Voltage 

2.0 


5.5 

V 


I D.C. and OPERATING CHARACTERISTICS 

(Ta=0 'v 70°C, V DD =5V±10%) 

SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

!lN 

Input Leakage Current 

V IN =0 %V DD 

- 


±1.0 

pA 

I OH 

Output High Current 

Voh=2.4V 

-8 

- 

- 

mA 

IOL 

Output Low Current 

V 0L =0.4V 

8 

- 

- 

mA 

I L0 

Output Leakage Current 

CE-V ih or WE=V il 

V OUT =0 ^ V DD 

- 

- 

±1.0 

pA 

IDDO 

Operating Current 

V DD =5.5V, t C y C ]_ e =Min cycle 
CE=V 1L 

Other Input^j^/Vjx, 

- 

- 

100 

mA 

^DDSl 

Standby Current 

CE=Vih 

- 

- 

2 

mA 

I DDS2 

CE=V dd -0.2V 

- 

- 

100 

pA 


ICAPACITANCEt (Ta=25°C) 

SYMBOL 

PARAMETER 

TEST CONDITION 

MX. 

UNIT 

C IN 

Input Capacitance 

V IN =GND 

10 

pF 

c 0UT 

Output Capacitance 

v 0U t=gnd 

10 

pF 


Note: This parameter periodically sampled is not 100% tested. 
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TGSS61P/J-45, TC5561P/J-55, TC5S61P/J-70 


A.C. CHARACTERISTICS 


(Ta-0'W0°C f V dd =5V±10%) 


Read cycle 


SYMBOL 

PARAMETER 

TC5561P-45 

TC5561J-45 

TC5561P-55 

TC5561J-55 

TC5561P-70 

TC5561J-70 

UNIT 


MAX. 



MIN. 

MAX. 

c EC 

Read Cycle Time 

45 

- 

55 

- 

70 

- 

ns 

C ACC 

Address Access Time 

- 

45 

- 

55 

- 

70 

ns 

rr 

O 

O 

Chip Enable Access Time 

- 

45 

- 

55 

- 

70 

ns 

t COE 

Chip Enable to Output in Low-Z 

5 

- 

5 

- 

5 

- 

ns 

c COD 

Chip Enable to Output in High-Z 

- 

15 

- 

15 

- 

15 

ns 

C 0H 

1 

Output Data Hold Time 

5 

- 

5 

- 

5 

- 

ns 


Write cycle 


SYMBOL 

PARAMETER 

TC5561P-45 

TC5561J-45 

TC5561P-55 

TC5561J-55 

TC5561P-70 

TC5561J-70 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

C wc 

Write Cycle Time 

45 

- 

55 

- 

70 

- 

ns 

C WP 

Write Pulse Width 

30 

- 

35 

- 

35 

- 

ns 

C cw 

Chip Enable to End of Write 

30 

. - 

35 

- 

35 

- 

ns 

C AW 

Address Set up Time 

0 

- 

0 

- 

0 

- 

ns 

C WR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

ns 

c 0DW 

WE to Output High-Z 

- 

15 

- 

15 

- 

15 

ns 

t 0EW 

WE to Output Low-Z 

0 

- 

0 

- 

0 

- 

ns 

t DS 

Data Set up Time 

25 

- 

25 

- 

30 

- 

ns 

tDH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

ns 



1 A.C. TEST CONDITIONS! 

Input Pulse Levels 

0.6V, 2.4V 

Input 'Rise and Fall Time 

5ns 

Input and Output Timing 
Reference Levels 

1.5V 

Output Load 

See Fig. 1 


Fig.l Output Load 
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TC5561P/J-45, TC5561P/J-55, TC5561P/J-70 



WRITE CYCLE 1 (WE Controlled Write) 



WRITE CYCLE 2 (CE Controlled Write) 



Note: 1. R/W is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE 
Low transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to 
WE High transition, Outputs remain in a high impedance state. 

4. The operating temperature (Ta) is guaranteed with transverse air 
flow exceeding 400 linear feet per minute. 
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TC5561P/J-45, TC5561P/J-55, TC5561P/J-70 


DATA RETENTION CHARACTERISTICS (Ta=0^70°C) 


SYMBOL 

PARAMETER 

MIN. 

V DH 

Data Retention Supply Voltage 

2.0 

T 


V dd =3.0V 

- 

I DDS2 

O LdllUUy OUppiy UUL t CUL 

V dd =5.5V 

- 

£ cdr 

Chip Deselection to Data Retention Mode 

0 



TC5561P-45 

45 

tR 

Recovery Time 

TC5561P-55 

55 

i..... 



TC5561P-70 

70 


TYP. MAX. UNIT 


V 



Note: 5. If the of CE is 2.2V in operation, Ippsi current flows during 
the period that the Vnr) voltage is going down from 4.5V to 2.4V. 













0.5 5MIN 


TC5561P/J-45, TC5561P/J-55, TC5S61P/J-70 



• Plastic DIP 

Unit in mm 


22 21 20 19 18 17 16 15 14 13 12 



12 3 4 56 7 8 9 10 11 



Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mfri of the true longitudinal 
position with respect to No.1 and No.22 leads. 
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TC5561P/J-45, TC5561P/J-55, TC5561P/J-70 


I OUTLINE DRflHI MGSI 


• Plastic SOJ 


Unit in mm 



0.9 TYP. 




Note: Each lead pitch is 1.27mm. 

All leads are located within 0.12mm of the true longitudinal 
position with respect to No.l and No.24 leads. 
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TC5561P/J-45, TC5561P/J-55, TC5561P/J-70 
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TOSHIBA NIOS MEMORY PRODUCTS 

TC5562P/J-35, TC5562P/J-45, TC5562P/J-55 


[description] 


The TC5562P/J is a 65,536 bit high speed static random access memory organized 
as 65,536 words by 1 bit using CMOS technology, and operated from a single 5-volt 
supply. Toshiba's high performance device technology provides both high speed and 
low power features with a maximum access time of 35ns/45ns/55ns and maximum operating 
current of 100mA at minimum cycle time. The TC5562P/J also features and automatic 
standby mode. When deselected by chip Enable (CE), the operating current is reduced 
from 100mA to 20mA. The TC5562P/J is suitable for use in main memory of high speed 
computer and pattern memory, where high speed/high density are required. The TC5562P 
is moulded in a 22 pin plastic DIP with 300 mil width for high density surface as¬ 
sembly and the TC5562J is moulded in a 24 pin plastic SOJ with 300 mil width for high 
density surface assembly. The TC5562P/J is fabricated with ion implanted CMOS silicon 
gate MOS technology for high performance and high reliability. 


FEATURES 


Fast access time: TC5562P/J-35 35ns(MAX.) 

TC5562P/J~45 45ns(MAX.) 
TC5562P/J-55 55ns(MAX.) 

Low power dissipation: 

Operation 100mA (MAX.) 
Standby 20mA (MAX.) 


PIN connection! 


TC5562P 
(TOP VIEW) 


TC5562J 
(TOP VIEW) 



(DIP) 





AO [j 

1 

24 

A1 [ 

2 

23 

A2 C 

3 

22 

A3 [ 

4 

21 

A 4 t 

5 

20 

A5 t 

c 

19 

N.C.I 

7 

18 

A 6 C 

3 

17 

A7 C 

9 

16 

DOUT C 

10 

15 

WE C 

11 

14 

GND C 

12 

13 


(SOJ) 


PIN NAMES 


A0 'v- A15 

Address Inputs 

Din 

Data Input 

d out 

Data Output 

CE 

Chip Enable Input 

WE 

Write Enable Input 

VdD 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 


WE O- 


• 5V single power supply 

• Fully static operation 

• Directly TTL compatible: All Input 

and Output 

• I/O separate 

• Package: 22 Pin Plastic 300 mil DIP 

: TC5562P 

24 Pin Plastic 300 mil fCJ 
: TC5562J 


| BLOCK DIAGRAM| 



MEMORY CELL 
ARRAY 
256x256 


SENSE AMP. 


COLUMN DECODER 


v DD 
GND 


-77LP 



%JT 


A3 A9 A10A11A12 A13A14A15 
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TC5562P/J-35, TC5562P/J-45, TC5562P/J-55 


(MAXIMUM RATINGS! 

SYMBOL 

ITEM 

RATING 

UNIT 

vdd 

Power Supply Voltage 

-0.3 ^ 7.0 

V 

VlN 

Input Voltage 

-2.0 % 7.0 

V 

v I/0 

Input and Output Voltage 

-0.5>VdD+0.5 

V 

PD 

Power Dissipation 

650 

mW 

Tsolder 

Soldering Temperature 

260 • 10 

°C • sec 

T stg 

Storage Temperature 

-65 ^150 

°C 

Topr 

Operating Temperature 

0 % 70 

°C 


| D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

vdd 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

VlH 

Input High Voltage 

2.2 

- 

VdD+0.3 

V 

VIL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

V DH 

Data Retention Supply Voltage 

2.0 

- 

5.5 

V 


RT.C. and OPERATING CHARACTER I STlCS] (Ta=0^70°C, V DD =5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

V IN =0 ^v DD 

- 

- 

±1.0 

pA 

lOH 

Output High Current 

V OH =2.4V 

-8 

- 

- 

mA 

*0L 

Output Low Current 

V OL =0.4V 

8 

- 

- 

mA 

X L0 

Output Leakage Current 

CE=V ih or WE=Vjl 
vout=o %Vdd 

- 

- 

±1.0 

P A 

x DD0 

Operating Current 

Vdd= 5.5V, t C y C j_ e =Min cycle, 

ce=v il 

Other Input=VjD/ViL 

- 

- 

100 

mA 

Pddsi 

Standby Current 

V dd = 5.5V, t C y C i e =Min cycle 

CE=Vi H 

Other Input=VxH/ViL 

- 

- 

20 

mA 

TDDS2 

--- 

CE=V DD -0.2V 

Other Input V DD -0.2V or 0.2V 

- 

_i 

2 


1 CAPACITANCE] (Ta=25°C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C IN . 

Input Capacitance 

V IN=GND 

10 

pF 

c 0UT 

Output Capacitance 

V0UT=GND 

10 

pF 


Note: This parameter periodically sampled is not 100% tested. 
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TG5SS2P/J-35. TC5562P/J-45, TC5562P/J-55 


|A.C. CHARACTERISTICS] (Ta=0'W0°C, V dd =5V±10%) 


READ CYCLE 


SYMBOL 

PARAMETER 

TC5562P-35 

TC5562J-35 

TC5562P-45 

TC5562J-45 

TC5562P-55 

TC5562J-55 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

tRC 

Read Cycle Time 

35 

- 

45 

- 

55 

- 

ns 

*-ACC 

Address Access Time 


35 

- 


- 

55 

ns 

c CO 

Chip Enable Access Time 


35 

- 


- 

55 

ns 

*-COE 

Chip Enable to Output in Low-Z 

5 

- 

5 


5 

- 

ns 

c COD 

Chip Enable to Output in High-Z 

- 


- 


- 

15 


t OH 

Output Data Hold Time 

5 

- 

5 


5 

- 



WRITE CYCLE 


SYMBOL 

PARAENTER 

TC5562P-35 

TC5562J-35 

TC5562P-45 
TC5562J-45 . 

TC5562P-55 

TC5562J-55 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

35 

- 

45 

- 

55 

- 

ns 

twp 

Write Pulse Width 

25 

- 

30 

- 

35 


ns 

tew 

Chip Enable to End of Write 

25 

- 

30 

- 

35 

- 

ns 

C AW 

Address Set up Time 

0 

- 

0 

- 

0 


ns 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

ns 

c ODW 

WE to Output Low-Z 

- 

15 

- 

15 

- 

15 

ns 

tOEW 

WE* to Output High-Z 

0 

- 

0 

- 

0 

- 

ns 

C DS 

Data Set up Time 

20 

- 

25 

- 

25 

- 

ns 

C DH 

Data Hold Time 

0 

- 

0 

- 

- 

- 

ns 


A.C. TEST CONDITIONS! 

Input Pulse Levels 

0.6V, 2.4V 

Input Rise and Fall Time 

5ns 

Input and Output Timing 
Reference Levels 

1.5 V 

Output Load 

See Fig. 1 



Fig.l Output Load 
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TC5562P/J-35, TC5562P/J-45, TC5562P/J-55 


[timing waveforms] 


READ CYCLE 


t RC 


—\ 

J 

<_> 

/- 

\_ . 


r AGO 


JohJ 


MW 

too 

m // m , 

mm. 



t COD 


__ 

( OUTPUT DATA VALID ) 


iYxxx/1 


WRITE CYCLE 1 (WE Controlled Write) 



WRITE CYCLE 2 (CE Controlled Write) 



Note: 1. WE is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low 
transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to 
WE High transition, Outputs remain in a high impedance state. 

A. The Operating temperature (Ta) is guaranteed with transverse air flow 
exceeding A00 linear feet per minute. 
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TC5562P/J-35, TC5562P/J-45, TC5562P/J-55 


I OUTLINE DRAWINGS! 


• Plastic DIP 


Unit 


22 21 20 19 18 17 16 15 14 13 12 


n . r~i n. r 

'N 

1 n n n qil 

X 

< 

R 1.0 


~~ s 

in 

<o 


1 2 


8 9 10 11 



Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of the ture 
position with respect to No.l and No.22 leads. 


in mm 


7.6 2 TYP. 


8 ° 



1 0.9 2 MAX. 


longitudinal 




TC5562P/J-35, TC5562P/J-45, TC5562P/J-55 





Note: Each lead pitch is 1.27mm. 

All leads are located within 0.12mm of the true longitudinal 
position with respect to No.1 and No.24 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC55416P-20, TC55416P-25, TC55416P-35 


lDESCRfPTI0¥| 

The TC55416P is a 65,536 bit high speed static random access memory organized as 
16,384 words by 4 bits using CMOS technology, and operated from a single 5-volt supply. 
Toshiba’s high performance device technology provides both high speed and low power 
features with a maximum access time of 20ns/25ns/35ns and maximum operating current of 
120mA/120mA/100mA at minimum cycle'time. 

The TC55416P also features an automatic stand-by mode. When deselected by Chip Enable 
(CE), the operating current is reduced to 20mA. 

The TC55416P is suitable for use in cache memory and high speed storage, where high 
speed/high density are required. 

The TC55416P is moulded in a 22 pin standard plastic DIP and a 24 pin plastic SOJ, 
with 0.3 inch width for high density assembly. 

The TC55416P is fabricated with ion implanted CMOS silicon gate MOS technology for 
high performance and high reliability. 


FEATURES 1 


Fast access time: 


TC55416P 

-20 

20ns(MAX.) 

TC55416P 

-25 

25ns(MAX.) 

TC55416P 

-35 

35ns(MAX.) 

Low power 

dissipation: 


Operation 

TC55416P 

-20 

120mA(MAX. 


TC55416P 

-25 

120mA(MAX. 

Standby 

TC55416P 

-35 

100mA(MAX. 
20mA(MAX. 

[pin connection! 




• 5V single power supply 

-20 : 5V±5% 

-25, -35: 5V±10% 

• Fully static operation 

• Directly TTL compatible: 

All Input and Output 

• Package: 

22 pin plastic 300mil DIP (TC55416P) 


TC55416P 

A8 
A7 
A6 
A5 
A4 
A3 
A2 
Al 
AO 
CE 
GND 


(DIP) 


PIN NAMES 1 


A0 ^ A13 

Address Inputs 

1/01^ I/C4 

Data Input/Output 

CE 

Chip Enable Input 

WE 

Write Enable Input 

VDD 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 



BLOCK DIAGRAM 
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TC55416P-20, TC55416P-25, TC55416P-35 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

V DD 

Power Supply Voltage 

-0.3-7.0 

V 

VlN 

Input Voltage 

-2.0-7.0 

V 

VOUT 

Output Voltage 

-0.5-Vpp+O.5 

V 

Pd 

Power Dissipation 

650 

mW 

Tsolder 

Soldering Temperature 

260*10 

°C * sec 

Tstg 

Storage Temperature 

-65-150 

°C 

Topr 

Operating Temperature 

o 

? 

o 

°C 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V D D 

Power Supply Voltage 

-20 

4.75 

5.0 

5.25 

V 

-25, -35 

4.5 

5.0 

5.5 

VlH 

Input High Voltage 

2.2 

- 

V D d+0.3 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 


D.C. and OPERATING CHARACTERISTICS (Ta=0~70°C, -20: V D d=5V±5% -25, -35: V D D=5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

!lL 

Input Leakage Current 

v in =0 ~ v dd 

- 

- 

±1.0 

iiA 

POH 

Output High Current 

V 0H =2.AV 

-4 

- 

- 

mA 

IOL 

Output Low Current 

V 0L =0.4V 

8 

- 

- 

mA 

X L0 

Output Leakage Current 

CE= v ih or we= v il 

V OUT =0 ~ V DD 

- 

- 

±1.0 




'cycle** 11 " c X cle 

V D D=5.25V 

-20 

- 

- 

120 


Pddo 

Operating Current 

ce=v il 

V D D=5.5V 

-25 

- 

- 

120 

mA 



Other Input-Vjjj/ViL 

-35 

- 

- 

100 




c cycle =Min c X cle 

V dd =5.25V 

“20 





Pddsi 


ce=v ih 

V DD =5.5V 

-25 

- 

- 

20 



Standby Current 

Other Input^Vj^/VjL 

-35 




mA 

I DDS2 


CE=Vd D -°.2V 

Other Input=VDD-0.2V or 0.2V 

- 

- 

1 

1 



CAPACITANCE (Ta=25°C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 


Input Capacitance 

v in =gnd 

7 

pF 


Output Capacitance 

Vqut = ^ND 

9 

pF 


Note: This parameter periodically sampled is not 100% tested. 
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TC55416P-20, TC55416P-25, TC55416P-35 


A.C. CHARACTERISTICS (Ta=0-70°C, -20: V DD =5V±5% -25, -35: V DD =5V+10%) 


Read Cycle 


SYMBOL 

PARAMETER 

TC55415? -20 

TC55415? -25 

TC55416P -35 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MI is. 

MAX. 

c RC 

Read Cycle Time 

20 

- 

25 

- 

35 

- 

ns 

C ACC 

Address Access Time 

- 

20 

- 

25 

- 

35 

tco 

Chip Enable Access Time 

- 

20 

- 

25 

- 

35 

c C0E 

Chip Enable to Output in Low-Z 

0 

- 

0 

- 

0 

- 

c C0D 

Chip Enable to Output in High-Z 

- 

10 

- 

15 

- 

15 

c OH 

Output Data Hold Time 

5 

- 

5 

- 

5 

; 

“ 


Write Cycle 


SYMBOL 

PARAMETER 

TC55416P -20 

TC55416P -25 

TC55416P -35 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

20 

- 

25 

- 

35 

- 


twp 

Write Pulse Width 


- 

20 

- 


- 


■ 

Chip Enable to End of Write 

18 

- 

20 

- 


- 


tAS 

Address Set Up Time 

0 

- 

0 

- 

0 

- 


tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

ns 


WE to Output High-Z 

- 

8 

- 


- 




WE to Output Low-Z 

0 

- 


- 


- 


tDS 

Data Set Up Time 

11 

- 

12 

- 


- 


tDH 

Data Hold Time 

0 

- 

0 

- 

0 

- 



A.C. TEST CONDITIONS 


Input Pulse Levels 

0.0V, 3.0V 

Input Rise and Fall Time 

5ns 

Input and Output Timing 
Reference Levels 

0.8V, 2.0V 

Output Load 

See Fig.l 


V DD 



Fig.1 OUTPUT LOAD 

Note: In all condition, t^QD max is less than tcoE min both for a given device and 
from device to device. 
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TC55416P-20, TC55416P-25, TC55416P-35 


TIMING WAVEFORMS 

READ CYCLE^ 1 ) 


r RC 



WRITE CYCLE 1 (WE Controlled Write) 



WRITE CYCLE 2 (CE Controlled Write) 



Note: 1. WE is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE. 

Low transition. Outputs remain in a high impedance state. . 

3. Assuming that "CE High transition occurs coincident with or prior to WE 
High transition, Outputs remain in a high impedance state. 

4. The Operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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TC55416P-20, TC55416P-25, TC55416P-35 


OUTLINE DRAWINGS 

• Plastic DIP 


Unit in mm 



Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is 0.15mm. 
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TC55416P-20, TC55416P-25, TC55416P-35 
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TC55417P/J-20, TC55417P/J-25, 
TC55417P/J-35 

The TC55417P/J is a 65,536 bit high speed static random access memory organized as 
16,384 words by 4 bits using CMOS technology, and operated from a single 5-volt supply. 
Toshiba's high performance device technology provides both high speed and low power 
features with a maximum access time of 20ns/25ns/35ns and maximum operating current of 
120mA/120mA/100mA at minimum cycle time. The TC55417P/J also features an automatic 
stand-by mode. When deselected by Chip Enable(CE), the operating current is reduced 
to 20mA. The TC55417P/J is suitable for use in cache memory and high speed storage, 
where high speed/high density are required. The TC55417P/J is moulded in a 24 pin 
standard plastic DIP and a 24 pin plastic SOJ, with 0.3 inch width for high density 
assembly. The TC55417P/J is fabricated with ion implanted CMOS silicon gate MOS tech¬ 
nology for high performance and high reliability. 



DESCRIPTION 


• Fast access time: 

TC55417P/J-20 20ns(MAX.) 
TC55417P/J-25 25ns(MAX.) 
TC55417P/J-35 35ns(MAX.) 

• Low power dissipation: 

Operation TC55417P/J-20 120mA(MAX.) 

TC55417P/J-25 120mA(MAX.) 
TC55417P/J-35 100mA(MAX.) 
Standby 20mA(MAX.) 

• 5V single power supply 

-20 : 5V±5% 

-25, -35: 5V±10% 


Fully static operation 
Directly TTL compatible: 

All Input and Output 
Output buffer control: OE 
Package: 

24 Pin plastic 300 mil DIP (TC55417P) 
24 Pin plastic 300 mil SOJ (TC55417J) 
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TC55417P/J-20, TC55417P/J-25, 
TC55417P/J-35 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

VDD 

Power Supply Voltage 

-0.3 ^7.0 

V 

VlN 

Input Voltage 

-2.0 *7.0 

V 

v OUT 

Output Voltage 

-0.5 *Vpp+0.5 

V 

PD 

Power Dissipation 

650 

mW 

^solder 

Soldering Temperature • Time 

260 • 10 

°C•sec 

T stg 

Storage Temperature 

-65 ^150 

°C 

T opr 

Operating Temperature 

0 'WO 

°C 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

Vdd 

Power Supply Voltage 

-20 

4.75 

5.0 

5.25 

V 

-25, -35 

4.5 

5.0 

5.5 

VlH 

Input High Voltage 

2.2 

- 

Vdd 4 * 0 • 3 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 


D.C. and OPERATING CHARACTERISTICS (Ta=OWO°C, -20: V DD =5V±5% -25, -35: V DD =5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 


Input Leakage Current 

V IN =0 ^ v DD 

- 

- 

±1.0 



Output High Current 

V 0h =2.AV 

■a 

- 

— 



Output Low Current 

v ol =o.av 

8 

- 




Output Leakage Current 

CE= v IH or WE =V IL 

Vqut^ 0 ^ v dd 

B 

fl 


pA 


Operating Current 

t cycle =mn cycle 

ce=v il 

Other Input=Vj^/VjL 

V DD =5.25V 

-20 

- 

- 


mA 

V D D=5.5V 

-25 

- 

- 

120 

-35 

- 

- 

100 


Standby Current 

t cycle ==MXn cycle 
CE=Vih 

Other Input=Vj H /Vj L 

V dd =5.25V 

-20 

B 

B 



V dd =5.5V 

-25 

-35 

X DDS2 

CE=V dd -0.2V 

Other Input=Vp D -0.2V or 0.2V 

B 

■ 

B 


CAPACITANCE (Ta*25 0 C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

■imi 

Input Capacitance 

v in =gnd 

7 

pF 

mm 

Output Capacitance 

v out =gnd 

9 

pF 


Note: This parameter periodically sampled is not 100% tested. 
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TC55417P/J-20, TC55417P/J-25, 
TC55417P/J-35 


A.C. CHARACTERISTICS (Ta=0^70°C, -20: V DD =5V±5% -25, -35: V DD =5V±I0%) 


Read Cycle 



PARAMETER 

TC55417P/J-20 

TC55417P/J-25 

TC55417P/J-35 

UNIT 







tRC 

Read Cycle Time 

20 

- 

25 

- 

35 

- 

ns 

t ACC 

Address Access Time 

- 

20 

- 

25 

- 

35 

rt 

O 

o 

Chip Enable Access Time 

- 

20 

- 

25 

- 

35 

C 0E 

Output Enable to Output Valid 

- 

12 

- 

15 

- 

20 

t C0E 

Chip Enable to Output in Low-Z 

0 

7 - 

0 

- 

0 

- 

c C0D 

Chip Enable to Output in High-Z 

- 

10 

- 

15 

- 

15 

t-OEE 

Output Enable to Output in Low-Z 

0 

- 

0 

- 

0 

- 

t 0D0 

Output Enable to Output in High-Z 

- 

8 

- 

10 

- 

15 

rt 

O 

Output Data Hold Time 

5 


5 

- 

5 

- 


Write Cycle 


SYMBOL 

PARAMETER 

TC55417P/J-20 

TC55417P/J-25 

TC55417P/J-35 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

C wc 

Write Cycle Time 

20 

- 

25 


35 

- 

ns 

t WP 

Write Pulse Width 

16 

- 

20 

- 

30 

- 

t cw 

Chip Enable to End of Write 

18 

- 

20 

- 

30 

- 

C AS 

Address Set Up Time 

0 

- 

0 

- 

0 

- 

11 WR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

tQDW 

WE to Output High-Z 

- 

8 

- 

10 

- 

15 

■339 

WE to Output Low-Z 

0 

- 

0 

- 

0 

- 

EB 

Data Set Up Time 

11 

- 

12 

- 

15 

- 


Data Hold Time 

0 

- 

0 

- 

0 

- 


A.C. TEST CONDITIONS 


Input Pulse Levels 

0.0V, 3.0V 

Input Rise and Fall Time 

5ns 

Input and Output Timing 
Reference Levels 

0.8V, 2.0V 

Output Load 

See Fig. 1 


I/O PINq- 


rx± 


Vdd 

9 


11 


ll 


777 TfT 

Fig.1 OUTPUT LOAD 


Note: In all condition, tcoD max is less than t£0E both for a given device and 

from device to device. 
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TC55417P/J-20, TC55417P/J-25, 
TC55417P/J-35 


TIMING WAVEFORMS 


READ CYCLE d) 

ADDRESS 

cE 

OE 

D OUT 




WRITE CYCLE 2 (CE Controlled Write) 



Note: 1. WE is High for Read cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low 
transition. Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to WE 
High transition, Outputs remain in a high impedance state. 

4. The Operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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TC55417P/J-20, TC55417P/J-25, 
TC55417P/J-35 


OUTLINE DRAWINGS 

Plastic DIP Unit in mm 



2 9.8 ±0.2 



Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is 0.15mm. 
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TC55417P/J-20, TC55417P/J-25, 
TG55417P/J-35 


OUTLINE DRAWINGS 


• Plastic SOJ 


Unit in mm 





PO 

© 

-H 

eo 

lb 




in 

-.© 
oo 
•f * 


© 



WWW 



0.4 3 ± 0.1 


[ 1.2 7 ~[ 0.7 1 ± 0.1 


• |0 | 0.18 ®| 


Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC55416M5H, TC55416P-20H 


1 description! 

The TC55416P/J is a 65,536 bit high speed static random access memory organized as 
16,384 words by 4 bits using CMOS technology, and operated from a single 5-volt supply, 
Toshiba*s high performance device technology provides both high speed and low power 
features with a maximum access time of 15ris/20ns and maximum operating current of 
120mA/100mA at minimum cycle time. 

The TC55416P/J also features an automatic stand-by mode. When deselected by Chip Enable 
(CE), the operating current is reduced to IraA. 

The TC55416P/J is suitable for use in cache memory and high speed storage, where high 
speed/high density are required. 

The TC55416P/J is moulded in a 22 pin standard plastic DIP and a 24 pin plastic SOJ, 
with 0.3 inch width for high density assembly. 

The TC55416P/J is fabricated with ion implanted CMOS silicon gate MOS technology for 
high performance and high reliability. 


I FEATURES 1 


Fast access time: 

TC55416P -I5H 15 ns(MAX.) 
TC55416P -20H 20ns(MAX.) 

Low power dissipation: 


Operation 


TC55416P 

TC55416P 


-1511 

-2011 


Standby 

I pin connection! 

TC55416P 



(DIP) 


120mA(MAX.) 
100mA(MAX.) 
1mA(MAX.) 


I PIN NAMES I 


A0 ^ A13 

Address Inputs 

1/01 ~ 1/04 

Data Input/Output 

CE 

Chip Enable Input 

WE 

Write Enable Input 

Vdd 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 


• 5V single power supply : 5V±10% 

• Fully static operation 

• Directly TTL compatible: 

All Input and Output 

• Package: 

22 pin plastic 300mil DIP (TC55416P) 


I BLOCK DIAGRAM | 
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TC55416M5H, TC55416P-20H 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

WBStm 

Power Supply Voltage 

-0.3-7.0 

V 

HEES9HI 

Input Voltage 

-2.0-7.0 

V 


Output Voltage 

-0.5-Vdd+0.5 

V 

Pd 

Power Dissipation 

650 

mW 

Tsolder 

Soldering Temperature 

260-10 

°C-sec 


Storage Temperature 

-65-150 

°C 

Topr 

Operating Temperature 

0-70 

°c 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

bob 

TYP. 

MAX. 

UNIT 

V DD 

Power Supply Voltage 

«■ 

5.0 

5.5 

V 


Input High Voltage 

mwm 

- 

Vdd+0-3 

VlL 

i --- 

Input Low Voltage 

beb 

- 

0.8 


D.C. and OPERATING CHARACTERISTICS (Ta=0~70°C, Vdd=5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

B3M 

Input Leakage Current 

V in =0~Vdd 

- 

- 

±1.0 

liA 

lOH 

Output High Current 

V OH =2.4V 

El 

- 

- 

mA 

lOL 

Output Low Current 

V ol =0.4V 

MM 

- 

- 

mA 

^0 

Output Leakage Current 

CE=Vj£| or WE—Vil 

V OUT =0 ~ V DD 

■ 

n 

±1.0 

MA 

Iddo 

Operating Current 

V dd = 5.5V t cycle =M i n cycle 

Ce=v il 

Other Input=Vin/VjL 

-15H 

- 

- 

120 

mA 

-20H 

■ 

H 

100 

JDDSI 

Standby Current 

V DD =5.5V t c ycle“^ n c Y cle 

CE=Vi H 

Other Input=V IH /Vj L 

■ 

■ 

20 

mA 

I DDS2 

CE= v pQ-°.2 V 

Other Input=VDD-0.2V or 0.2V 

■ 

■ 

B 


CAPACITANCE (Ta=25°C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C IN 

Input Capacitance 

v in =gnd 

5 

pF 

C OUT 

Output Capacitance 

v out =gnd 

7 

pF 


Note: This parameter periodically sampled is not 100% tested♦ 
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TC55416M5H, TC5S416P-20H 


A.C. CHARACTERISTICS (Ta=*0~70°C, Vdd = 5V±10%) 
Read Cycle 


SYMBOL 

PARAMETER 

TC55416P -15H 

TC55416P -20H 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

*-RC 

Read Cycle Time 

15 

- 

20 

- 


tACC 

Address Access Time 

- 

15 

- 

20 


tco 

Chip Enable Access Time 

- 

15 

- 

20 

ns 

c COE 

Chip Enable to Output in Low-Z 

0 

- 

0 

- 


tCOD 

Chip Enable to Output in High-Z 

- 

10 

- 

10 



Output Data Hold Time 

5 

- 

5 

- 



Write Cycle 


SYMBOL 

PARAMETER 

TC55416P -15H 

TC55416P -20H 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

15 

- 

20 

- 


twp 

Write Pulse Width 

12 

- 

13 

- 


tew 

Chip Enable to End of Write 

12 

- 

13 

- 


tAS 

Address Set Up Time 

0 

- 

0 

- 


tWR 

Write Recovery Time 

0 

- 

0 

- 

ns 

tODW 

WE to Output High-Z 

- 

8 

- 

8 


c 0EW 

WE to Output Low-Z 

0 

- 

mm 

- 


tDS 

Data Set Up Time 

9 

- 

mm 

- 


tDH 

Data Hold Time 

0 

- 

0 

- 



A.C. TEST CONDITIONS 


I$put Pulse Levels 

0.0V, 3.0V 

Input Rise and Fall Time 

3ns 

Input and Output Timing 
Reference Levels 

0.8V, 2.0V 

Output Load 

See Fig.l 



Fig.1 OUTPUT LOAD 

Note: In all condition, tcoD max is less than t^OE min both for a given device and 
from device to device. 


— F-53 — 








































































TC55416M5H, TC55416P-20H 


TIMING WAVEFORMS 

READ CYCLE(!) 

ADDRESS 


d OUT 





i 


Note: 1. WE is High for Read Cycle. _ 

2. Assuming that CE Low transition occurs coincident with or after WE 
Low transition. Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to WE 
High transition. Outputs remain in a high impedance state. 

4. The Operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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TC55416P-15H, TC55416P-20H 


OUTLINE DRAWINGS 

• Plastic DIP unit in mm 



Hote: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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TC55416M5H, TC55416P-20H 
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TOSHIBA MOS MEMORY PRODUCTS 

TC55417P/J-15H, TC55417P/J-20H 


DESCRIPTION 


The TC55417P/J is a 65,536 bit high speed static random access memory organized as 
16,384 words by 4 bits using CMOS technology, and operated from a single 5-volt supply. 
Toshiba*s high performance device technology provides both high speed and low power 
features with a maximum access time of 15ns/20ns and maximum operating current of 


120mA/100mA at minimum cycle time. The TC55417P/J also features an automatic 
stand-by mode. When deselected by Chip Enable(Cl), the operating current is reduced 
to 1mA. The TC55417P/J is suitable for use in cache memory and high speed storage, 
where high speed/high density are required. The TC55417P/J is moulded in a 24 pin 
standard plastic DIP and a 24 pin plastic SOJ, with 0.3 inch width for high density 
assembly. The TC55417P/J is fabricated with ion implanted CMOS silicon gate MOS tech¬ 
nology for high performance and high reliability. 



Fast access time: 

TC55417P/J-15II 15ns (MAX.) 
TC55417P/J-201I 20ns(MAX.) 

Low power dissipation: 

Operation TC55417P/J-I5H 120mA(MAX.) 

TC55417P/J-20H 100mA(MAX.) 
Standby lmA(MAX.) 

5V single power supply : 5V±10% 


• Fully static operation 

• Directly TTL compatible: 

All Input and Output 

• Output buffer control: UE 

• Package: 

24 Pin plastic 300 mil DIP (TC55417P) 
24 Pin plastic 300 mil SOJ (TC55417J) 
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TC55417P/J-15H, TC55417P/J-20H 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

VDD 

Power Supply Voltage 

-0.3 ^7.0 

V 

VlN 

Input Voltage 

-2.0 'W.0 

V 

v OUT 

Output Voltage 

-0.5 'vVdd+O.S 

V 

PD 

Power Dissipation 

650 

mW 


Soldering Temperature • Time 

260 • 10 


T stg 

Storage Temperature 

-65 'v* 150 


^opr 

Operating Temperature 

0 'WO 

°c 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 


Power Supply Voltage 

A.5 


5.5 

V 

VlH 

Input High Voltage 




VlL 

Input Low Voltage 





D.C. and OPERATING CHARACTERISTICS (Ta=Q^7Q°C, V DD =5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

V ItT° ^ v DD 

- 

- 

±1.0 

V>A 

POH 

Output High Current 

V OH =2.4V 

Bi 

- 

- 

mA 

IOL 

Output Low Current 

V ql =0.4V 

■a 

- 

- 


Ilo 

Output Leakage Current 

CE=V ih or WE=V il 

V OUT =0 ^ V DD 

■ 

■ 


m 

iddo 

Operating Current 

V DD~5.5V t C y C ^ e =Min cycle 
CE=V IL 

Other Input=Vjjj/VjL 

-15H 

n 

■ 

eg 


-2 OH 

- 

n 

100 

I DDS1 

Standby Current 

V DD =5.5V t cycle =Min cycle 

CE=Vi H 

Other Input=Vjjj/VjL 

■ 

■ 

20 

mA 

■ 

CE=V DD -0.2V 

Other Input=VDjy-0.2V or 0.2V 

■ 

■ 

■ 


CAPACITANCE (Ta=25°C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

ClN 

Input Capacitance 

v in =gnd 

5 

pF 

COUT 

Output Capacitance 

v out =gnd 

7 

pF 
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TC55417P/J-15H, TC55417P/J-20H 


A.C. CHARACTERISTICS (Ta=0'W0°C, Vdd=5V±10%) 


Read Cycle 


SYMBOL 

PARAMETER 

TC55417P/J-15H 

TC55417P/J-20H 

UN-IT 

MIN. 

MAX. 

MIN. 

MAX. 

SB 

Read Cycle Time 

15 

- 

20 

- 

ns 

PBl 

Address Access Time 

- 

mm 

- 

El 

MEM 

Chip Enable Access Time 

- 

mm 

- 

l 


Output Enable to Output Valid 

- 

9 

- 

10 

t COE 

Chip Enable to Output in Low-Z 

0 

- 

0 

- 


Chip Enable to Output in High-Z 

- 

10 

- 

10 


Output Enable to Output in Low-Z 


- 

0 

- 

t 0D0 

Output Enable to Output in High-Z 

- 

8 

- 

8 

C 0H 

Output Data Hold Time 

5 

- 

5 

- 


Write Cycle 


SYMBOL 

PARAMETER 

TC55417P/J-15H 

TC55417P/J-20H 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

t WC 

Write Cycle Time 

15 

- 

20 

- 


C WP 

Write Pulse Width 

12 

- 

13 

- 


t cw 

Chip Enable to End of Write 


- 

13 

- 


fc AS 

Address Set Up Time 

0 

- 

0 

- 


C WR 

Write Recovery Time 

0 


0 

- 

ns 

t ODW 

WE to Output High-Z 

- 

8 

- 



t 0EW 

WE to Output Low-Z 

0 

- 

0 

| 


C DS 

Data Set Up Time 

9 

- 

10 

- 


C DH 

Data Hold Time 

0 

- 

0 

- 



A.C. TEST CONDITIONS 


Input Pulse Levels 

0.0V, 3.0V 

Input Rise and Fall Time 

3ns 

Input and Output Timing 
Reference Levels 

0.8V, 2.0V 

Output Load 

See Fig. 1 



Fig.1 OUTPUT LOAD 

Note: In all condition, tcoD max l ess than t^QE min both for a given device and 

from device to device. 
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TC55417P/J-15H, TC55417P/J-20H 


TIMING WAVEFORMS 



WRITE CYCLE 1 (WE Controlled Write) 



WRITE CYCLE 2 (CE Controlled Write) 



Note: 1. WE is High for_Read cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low 

transition. Outputs remain in a high impedance state. _ 

3. Assuming that CE High transition occurs coincident with or prior to WE 
High transition. Outputs remain in a high impedance state. 

4. The Operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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TC55417P/J-15H, TC55417P/J-20H 


OUTLINE DRAWINGS 

• Plastic DIP 


Unit in mm 



Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0 . 15 mm. 
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TC55417P/J-15H, TC55417P/J-20H 


OUTLINE DRAWINGS 

• Plastic SOJ 


Unit in mm 




Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC55464P/J-20, TC55464P/J-25 
TC55464P/J-35 


The TC55464P/J is a 262,144 bits high speed static random access memory organized as 
65,536 words by 4 bits using CMOS technology, and operated from a single 5-volt supply. 
Toshiba*s CMOS technology and advanced circuit form provides high speed feature. 

The TC55464P/J has low power feature with device control using Chip Enable (CE). 

Also the device power at memory access is reduced by automatic power down circuit form. 
The TC55464P/J is suitable for use in cache memory where high speed is required, and high 
speed storage. All Inputs and Outputs are directly TTL compatible. 

The TC55464P/J is moulded in 24 pin standard DIP and SOJ with 300 mil width for high 
density surface assembly. 



• Fast access time: • 5V single power supply: 5V±10% 

TC55464P/J-20 20ns(MAX.) • Fully static operation 

TC55464P/J-25 25ns(MAX.) • All Inputs and Outputs: TTL compatible. 

TC55464P/J-35 35ns(MAX.) • Package: 

• Low power dissipation 24 pin plastic 300 mil DIP: TC55464P 

Operation: TC55464P/J-20 120mA(MAX.) 24 pin plastic 300 mil SOJ: TC55464J 

TC55464P/J-25 120mA(MAX.) 

TC55464P/J-35 100mA(MAX.) 

Standby : 1mA(MAX.) 
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TC55464P/J-20, TC55464P/J-25 
TD55464P/J-35 


I MAXIMUM RATINGS I 


SYMBOL 

ITEM 

RATING 

UNIT 

V DD 

Power Supply Voltage 

-0.3% 7.0 

V 

V IN 

Input Voltage 

-2.0^ 7.0 

V 

v I/0 

Input/Output Voltage 

-0.5-v- V dd +0.5 

V 

I’D 

Power Dissipation 

1.0 

W 

T solder 

Soldering Temperature . Time 

260 • 10 

°C • sec 

T strg 

Storage Temperature 

-65% 150 

°C 

Topr 

Operating Temperature 

0% 70 

°C 


I DC RECOMMENDED OPERATING CONDITIONS! (Ta-0% 70°C) 

SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V DD 

Power Supply Voltage 

4.5 


5.5 

V 

V IH 

Input High Voltage 


- 


V 

<1 

M 

r 1 

Input Low Voltage 


- 


V 


DC and 

OPERATING CHARACTERISTICS 

(Ta=0^70°C, V DD =5V±10%) 

SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

X IL 

Input Leakage Current 

Vin=°^V dd 

- 

- 

±1 

pA 

lOH 

Output High Current 

v OH ss 2.4V 

-4 

- 

- 

mA 

x OL 

Output Low Current 

VOX,=0.4V 

8 

- 

- 

mA 

x LO 

Output Leakage Current 

CE=V ih or WE=V IL 
v 0UT =0 ^ V DD 

- 

■ 

±i 

pA 



v DD = 5 - 5v > t cycle =MIN c y cle 

-20 


- 

120 


IDDO 

Operating Current 

ce=v il 

-25 


- 

120 

mA 



Other Input^Vjjj/Vj^ 

-35 

j 

- 

100 


Iddsi 

Standby Current 

V DD ~5.5V, t cycle «MIN cycle 

CE=VIH 

Other Input=V ih/ v IL 

■ 

■ 

20 

mA 

r DDS2 


CE=V dd -0.2V 

Other Input=VDD“0*2V or 0.2V 

■ 

■ 

■ 



CAPACITANCE 

] (Ta=25°C, f=1.0MHz) 

SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

ClN 

Input Capacitance 

v in =gnd 

6 


c OUT 

Output Capacitance 

^OUT^ND 

8 

pF 


NOTE: This parameter periodically sampled is not 100% tested. 
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TC55464P/J-20, TC55464P/J-25 
TC55464P/J-35 


[AC CHARACTERISTICS] (Ta=(K70 o C, V DD =5V±10%) 
READ CYCLE 


SYMBOL 

PARAMETER 

TC55464P/J-20 

TC55464P/J-25 

TC55464P/J-35 

— 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

c RC 

Read Cycle Time 

20 

- 

25 

- 

35 

- 

ns 

t ACC 

Address Access Time 

- 


- 

25 

- 

35 

t C0 

CE Access Time 

- 

20 

- 

25 

- 

35 

c OH 

Output Data Hold Time from Address 
Change 

5 

- 

5 

- 

5 

- 

c C0E 

Output Enable Time from CE 

5 

- 

5 

- 

5 

- 

tCOD 

Output Disable Time from CE 

- 

10 

- 

10 

- 

15 


Chip Selection to Power Up Time 

0 

- 

0 

- 

0 


tPD 

Chip Deselection to Power Down 

Time 

H 

20 

- 


- 



WRITE CYCLE 


SYMBOL 

PARAMETER 

TC55464P/J-20 

TC55464P/J-25 

TC55464P/J-35 


MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

UJNl 1 

twc 

Write Cycle Time 

20 

- 

25 

- 

35 

- 


C CW 

Chip Enable to End of Write 

13 

- 

15 

- 

20 

- 


tAS 

Address Set Up Time 

0 

- 

0 

- 

0 

- 


C WP 

Write Pulse Width 

13 

- 

15 

- 

20 

- 


C WR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

ns 

C DS 

Data Set Up Time 

10 

- 

12 

- 

15 

- 


C DH 

Data Hold Time 

0 

- 

0 

- 

0 

- 


tOEW 

Output Enable Time from WE 

0 

- 

0 

- 

0 

- 


t ODW 

Output Disable Time from WE 

- 

8 

- 

10 

- 

15 



I AC TEST CONDITIONS 


Input Pulse Levels 

3 .ov/o.ov 

Input Pulse Rise and 
Fall Times 

3ns 

Timing Measurement 
Reference Levels 

2.0V/0.8V 

Output Load 

Fig.l 


Fig. 1 


5V 


l/Dpin 

o— 


CL=30pF^ 


: 480H 


255H 


I/O pi n 
o— 


CL = 5pF 


r 

i 


:48on 


: 255 a 


(F° r t C0E , t COD , t 0E y 
and tQDW) 


— F-65 — 




















TC55464P/J-20, TC55464P/J-25 
TC55464P/J-35 




TC55464P/J-20. TC55464P/J-25 
TC55464P/J-35 



TC55464P/J-20, TC55464P/J-25 
TC55464P/J-35 


Note: 1. WE is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low 
transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to WE 
High transition, Outputs remain in a high impedance state. 

4. These parameters are specified as follows and measured by using the load 
shown in Fig. 1. 

(A) t£QE> ^OEW ••••••••• Output Enable Time 

(B) tcQD> tQDW . Output Disable Time 
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TC55464P/J-20, TC55464P/J-25 
TC55464P/J-35 


OUTLINE DRAWINGS! 


Plastic DIP 

UNIT: mm 


24 13 





Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is 0.15mm. 
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TC55464P/J-20, TC55464P/J-25 
TC55464P/J-35 


OUTLINE DRAWINGS 

Plastic SOJ (SOJ24-P-300) 

UNIT: mm 



Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 



TC55465P/J-20, TGS5465P/J-2S 
TC554S5P/J-35 


The TC55465P/J is a 262,144 bits high speed static random access memory organized as 
65,536 words by 4 bits using CMOS technology, and operated from a single 5-volt supply. 
Toshiba’s CMOS technology and advanced circuit form provides high speed feature. 

The TC55465P/J has low power feature with device control using Chip Enable (CE), and has 
Output Enable Input (OE) for fast memory access. Also the device power at memory access 
is reduced by automatic power down circuit form. 

The TC55465P/J is suitable for use in cache memory where high speed is required, and 
high speed storage. All Inputs and Outputs are directly TTL compatible. 

The TC55465P/J is moulded in 28 pin standard DIP and SOJ with 300 mil width for high 
density surface assembly. 



• Fast access time: 

TC55465P/J-20 20ns(MAX.) 
TC55465P/J-25 25ns(MAX.) 
TC55465P/J-35 35ns(MAX.) 

• Low power dissipation 

Operation: TC55465P/J-20 120mA(MAX.) 

TC55465P/J-25 120mA(MAX.) 

TC55465P/J-35 100mA(MAX.) 
Standby : 1mA(MAX.) 


5V single power supply: 5V±10/ o 
Fully static operation 
All Inputs and Outputs: 

TTL compatible. 
Output buffer control : OE 
Package: 

28 pin plastic 300 mil DIP: TC55465P 
28 pin plastic 300 mil SOJ: TC55465J 
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TC55465P/J-20, TC55465P/J-25 
TC55465P/J-35 


[MAXIMUM RATINGS| 


SYMBOL 

ITEM 

RATING 

UNIT 


Power Supply Voltage 

-0.3 *W. 0 

V 


Input Voltage 

-2.0 ^ 7.0 

V 


Input/Output Voltage 

-0.5 -\- V D p+0.5 

V 

Pd 

Power Dissipation 

1.0 

W 

^solder 

Soldering Temperature • Time 

260 • 10 

°C • sec 

T strg 

Storage Temperature 

-65 ^ 130 

°C 

T opr 

Operating Temperature 

0*70 

°C 


I DC RECOMMENDED OPERATING CONDITIONS'! (Ta-O* 70°C) 


SYMBOL 

PARAMETER 

MIN. 

TYT. 

MAX. 

UNIT 

V DD 

Power Supply Voltage 

4.5 


5.5 

V 

VlH 


2.2 

- 

Vdb+0.3 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 


|DC and OPERATING CHARACTERISTICS! (Ta=0^70°C, V DD =5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

v IK =o^ v DD 

- 

- 

±1 

yA 


Output High Current 

V 0H =2.4V 

-4 

- 

- 


lOL 

Output Low Current 

VOL=0.4V 

8 

- 

- 


EB 

Output Leakage Current 

CE^Vjy or 0E=Vi[u 
or WE=V IL , V OUT =0 * V DD 

- 

■ 

Q 


ii 


v DD = 5,5v > t cycle =MIN c y cle 

-20 

- 

- 

mm 



Operating Current 

ce=v il 

-25 

- 

- 



KH 


Other Input-V IH /VjL 

-35 

- 

- 

100 


t DDS1 

Standby Current 

V DD =5.5 V , t cycle =MIN cycle 
ce=v ih 

Other Input^Vjg/VjL 

■ 

- 

20 

mA 

*DDS2 


CE=V dd -0.2V 

Other Input =Vpi)-0.2V or 0.2V 

■ 

■ 

B 



CAPACITANCE] (Ta=25°C, f=1.0MHz) 


|wi <c j u, i — J- • VL’ICU. ) 

SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C IN 

Input Capacitance 

V in =GND 

6 

pF 

c 0UT 

Output Capacitance 

VoUT = ^^ 

8 

pF 


NOTE: This parameter periodically sampled is not 100% tested. 
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TC55465P/J-20, TC55485P/J-25 
TC55465P/J-35 


|AC CHARACTERISTICS! (Ta-0^ 70°C, V DD =5V±10%) 

READ CYCLE 


SYMBOL 

PARAMETER 

TC55465P/J-20 

TC55465P/J-25 

TC55465P/J-35 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

ET— 

Read Cycle Time 


- 

25 

- 

35 

- 

ns 


Address Access Time 

- 

20 

- 

25 

- 

35 

rr 

O 

O 

CF Access Time 

- - 

20 

- 

25 

- 

35 

t 0E 

OF Access Time 

- 

10 

- 

12 

- 

15 

C 0H 

Output Data Hold Time from Address 
Change 

| 

- 


- 


- 

c COE 

Output Enable Time from CF 

HIM 


5 

- 

5 

- 

c COD 

Output Disable Time from CF 

- 


- 

10 

- 

15 

tOEE 

Output Enable Time from OE 

0 


0 

- 

0 

- 

C ODO 

Output Disable Time from OF 

- 

8 

- 

10 

- 

15 

tpu 

Chip Selection to Power Up Time 

0 

- 

0 

- 

0 

- 

tpD 

Chip Deselection to Power Down 

Time 

- 

20 

- 


- 



WRITE CYCLE 


SYMBOL 

PARAMETER 

TC55465P/J-20 

TC55465P/J-25 

TC55465P/J-35 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

20 


25 

- 

35 

- 

ns 

c CW 

Chip Enable to End of Write 

13 


15 

- 

20 

- 

C AS 

Address Set Up Time 

0 

- 

0 

- 

0 

- 

twp 

Write Pulse Width 

13 

- 

15 

- 

20 

- 

C WR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

tDS 

Data Set Up Time 

10 

- 

12 

- 

15 

- 

t DH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

tOEW 

Output Enable Time from WE 

0 

- 

0 

- 

0 

- 

c 0DW 

Output Disable Time from WE 

- 

8 

- 

10 

- 

15 


I AC TEST CONDITIONS 


Input Pulse Levels 

3.0V/0.0V 

Input Pulse Rise and 
Fall Times 

3ns 

Timing Measurement 
Reference Levels 

2.0V/0.8V 

Output Load 

Fig. 1 


Fig. 1 


I/Op i n 
O- 


CL=30pF 


I 



I/Dp in 

CL=5 pF~ 
/rr 


5V 


48012 


25512 


(F° r t C0E , t 0EE , t COD , 

t 0D0* t OEW and u) 
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TC55465P/J-20, TC55465P/J-25 
TC55465P/J-35 


[TIMING WAVEFORMS! 



WRITE CYCLE 1 (4) (WE Controlled Write) 
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TC55465P/J-20, TC55465P/J-25 
TC55465P/J-35 
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TC55465P/J-20, TC55465P/J-25 
TC55465P/J-35 


Note: 1. WE is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low 
transition. Outputs remain in a high impedance state. 

3. Assuming that c¥ High transition occurs coincident with or prior to WE High 
transition, Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in a high impedance 
state during this period, 

5. These parameters are specified as follows and measured by using the load 
shown in Fig. 1. 

(A) t£QE> **OEE> ^OEW .Output Enable Time 

(B) t COD> t 0D0» t ODW . Output Disable Time 
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TC55465P/J-20, TC55465P/J-25 
TC55465P/J-35 


[OUTLINE DRAWINGS! 

Plastic DIP 


UNIT: mm 


.nn m ,nnnn.D 


R. 


DUUuuuUuUULjLjuu 
1 14 




Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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TC55465P/J-20, TC55465P/J-25 
TC55465P/J-35 


OUTLINE DRAWINGS 

Plastic SOJ (SOJ28-P-300) 

UNIT: mm 



-» © 
© o 
+ i 
CM 

o 



Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 


TC55328P/J-20, TC55328P/J-25 
TC55328P/J-35 

(description! 

The TC55328P/J is a 262,144 bits high speed static random access memory organized as 
32,768 words by 8 bits using CMOS technology, and operated from a single 5-volt supply. 
.Toshiba’s CMOS technology and advanced circuit form provides high speed feature. 

The TC55328P/J has low power feature with device control using Chip Enable (CE), and has 
Output Enable Input (OE) for fast memory access. Also the device power at memory access 
is reduced by automatic power down circuit form. 

The TC55328P/J is suitable for use in cache memory where high speed is required, and high 
speed storage. All Inputs and Outputs are directly TTL compatible. 

The TC55328P/J is moulded in 28 pin standard DIP and SOJ with 300 mil width for high 
density surface assembly. 


FEATURESl 


• Fast access time: 

TC55328P/J-20 

TC55328P/J-25 

TC55328P/J-35 

• Low power dissipation 

Operation: TC55328P/J-20 
TC55328P/J-25 
TC55328P/J-35 

Standby : 


20ns(MAX.) 
25ns(MAX.) 
35ns(MAX.) 

120mA(MAX.) 
120mA(MAX.) 
100mA(MAX.) 
1mA(MAX.) 


5V single power supply: 5V±10% 

Fully static operation 
All Inputs and Outputs: 

TTL compatible. 
Output buffer control : (TE 
Package: 

28 pin plastic 300 mil DIP: TC55328P 
28 pin plastic 300 mil SOJ: IC55328J 


PIN CONNECTION 


BLOCK DIAGRAM] 


TC55328P 


A14 C 1 
A1 2 C 2 
A7 C 3 
A6 C 4 
A5 C 5 
A4 C 6 
A3 C 7 
A2 C 8 
A1 C9 
AO C 10 
1/01 C11 
1/02 C 12 
1/03 C 13 
GNDC 14 


28, 
271 
26] 
^25 
? 24, 
2 23 
> 22] 
a, 21 
O20| 

tl9 

18! 

17| 

16| 

15 


a^DD 
'3 WE 
>3 A13 
i 3 A8 
[1A9 

□ Mi 
:DOe 
, DA10 
)DCE 

i □ 1/08 

\3 1/07 
’ □ 1/06 
;□ 1/05 
1/04 


TC55328J 


A1 4 

d 

r 

— 

28 

□ 

V DD 

A 1 2 

c 

2 


27 

3 

WE 

A7 

c 

3 


26 

□ 

A1 3 

A6 

c 

4 


25 

3 

A8 

A5 

c 

5 

£ 

24 

3 

A9 

A4 

c 

6 

w 

23 

3 

All 

A3 

c 

7 

> 

22 

3 

OE 

A2 

c 

8 


21 

3 

A10 

A 1 

c 

9 

o 

20 

3 

CE 

AO 

c 

10 

H 

19 

5 

1/08 

1/01 

c 

11 


18 

□ 

1/07 

3/02 

c 

1 12 


17 

p 

1/06 

1/03 

c 

13 


16 

3 

1/05 

GND 

c 

ill 


15 

P 

1/04 


(DIP) 


(SOJ) 


PIN NAMES I 


AO ^ A14 

Address Inputs 

1/01 ^ 1/08 

Data Inputs/Outputs 

CE 

Chip Enable Input 

WE 

Write Enable Input 

OE 

Output Enable Input 

VDD 

Power (+5V) 

GND 

Ground 
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TC55328P/J-20, TC55328P/J-25 
TC55328P/J-35 


|MAXIMUM RATINGSl 


SYMBOL 

ITEM 

RATING 

UNIT 

VDD 

Power Supply Voltage 

-0.3 'v, 7.0 

V 

' V IN 

Input Voltage 

-2.0^ 7.0 

V 

v I/0 

Input/Output Voltage 

-0.5 'v Vj)D-f-0• 5 

V 

Pd 

Power Dissipation 

1.0 

W 

T solder 

1 Soldering Temperature • Time 

260 • 10 

°C • sec 

T strg 

Storage Temperature 

-65 ^150 

°C 

^opr 

Operating Temperature 

0^ 70 

°C 


I DC RECOMMENDED OPERATING CONDITIONS | (Ta=0^70°C) 

SYMBOL 

PARAMETER 



MAX. 


v D D 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

VlH 

Input High Voltage 

2.2 

- 

V D d+°-3 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 


DC and 

OPERATING CHARACTERISTICS 

(Ta=0'W0°C, V dd =5V±10%) 






SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

Vin= 0 % Vpp) 

- 

- 

±1 

pA 

lOH 

Output High Current 

V 0h =2.4V 

-4 

- 

- 

mA 

lOL 

Output Low Current 

v ol =o.av 

8 

- 

- 

mA 

I LO 

Output Leakage Current 

CE=XlH or 0E=V IH 
or WE“V il , V 0 ut = 0 ^ v DD 

- 

- 

±1 

UA 



v DD = 5 - 5v * t cycle =MIN c X cle 

-20 

- 

- 

120 


IDD0 

Operating Current 

CE=Vil 

-25 

- 

- 

120 

mA 



Other Input^XH/ViL 

-35 

- 

- 

100 


IDDS1 

Standby Current 

V DD =5.5V, t cycle =MIN cycle 

CE=Vih 

Other Input^Vj^/ViL 

- 

- 

20 

mA 

X DDS2 


CE= v dd -°.2 v 

Other Input=VDD~0.2V or 0.2V 

- 

- 

1 



CAPACITANCE 

(Ta=25°C, f=1.0MHz) 

SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C IN 

Input Capacitance 

V jj;=GND 

6 

PF 

COUT 

Output Capacitance 

VoUT”^^* 

3 

pF 


NOTE: This parameter periodically sampled is not 100% tested.. 
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TC55328P/J-20. TC55328P/J-25 
TCS5328P/J-35 


AC CHARACTERISTICS! (Ta=CK 70°C, V DD =5V±10%) 

READ CYCLE 


SYMBOL 

PARAMETER 

TC55328P/J-20 

TC55328P/J-23 

TC55328P/J-35 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

' c Re 

Read Cycle Time 

20 

- 

25 

- 

35 

- 


c ACC 

Address Access Time 

- 

20 

- 

25 

- 

35 


c CO 

CE Access Time 

- 

20 

- 

25 

- 

35 



OE Access Time 

- 

10 

- 

12 

- 

15 



Output Data Hold Time from Ad¬ 
dress Change 


- 

5 

- 

5 

- 

ns 


Output Enable Time from CE 

5 

- 

5 

- 

5 

- 



Output Disable Time from CE 

- 

mm 

- 

10 

- 

15 



Output Enable Time from OE 

0 

- 

0 

- 

0 

- 


tODO 

Output Disable Time from OE 

- 

8 

- 

10 

- 

15 


C PU 

Chip Selection to Power Up Time 

0 

- 

0 

- 

0 

- 


t PD 

Chip Deselection to Power Down 

Time 

- 



25 

- 

35 



WRITE CYCLE 


SYMBGL 

PARAMETER 

TC55328P/J-20 

TC55328P/J-25 

TC35328P/J-35 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

t WC 

Write Cycle Time 

20 

- 

25 

- 

35 

- 

ns 

C cw 

Chip Enable to End of Write 

13 

- 

15 

- 

20 

- 

tAS 

Address Set Up Time 

0 

- 

0 

- 

0 

- 

t yp 

Write Pulse Width 

13 

- 

15 

- 

20 

- 

tWR 

Write Recovery Time 

0 

- 

0 

- 

0 

- 

tDS 

Data Set Up Time 

10 

- 

12 

- 

15 

- 

t DH 

Data Hold Time 

0 

- 

0 

- 

0 

- 

t OEV 

Output Enable Time from WE 

0 

- 

0 

- 

0 

- 

t ODW 

Output Disable Time from WE 

- 

8 

- 

10 

- 

15 


I AC TEST CONDITIONS 


Input Pulse Levels 

3.0V/O.0V 

Input Pulse Rise and 
Fall Times 

3ns 

Timing Measurement 
Reference Levels 

2.0V/0.8V 

Output Load 

Fig. 1 


iFig. I) 


14800 . 


I/O pin 

o— 


CL=30pF 


:255H 


I/O pi n 

CL=5pFj 

ITT 



(F° r ^COE* t OEE» t COD> 
t 0D0> tQEW and tQDW) 
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TC55328P/J-20, TC55328P/J-25 
TC55328P/J-35 


[TIMING WAVEFORMSl 
READ CYCLE ^ 



WRITE CYCLE 1 (4) (WE Controlled Write) 



— F-82 — 


TC55328P/J-20, TC55328P/J-25 
TC55328P/J-35 
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TC55328P/J-20, TC55328P/J-25 
TC55328P/J-35 


Note: 1. WE is High for Read Cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low 
transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to WE 
High transition. Outputs remain in a high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in a high Impedance 
state during this period. 

5. These parameters are specified as follows and measured by using the load 
shown in Fig. 1. 

(A) t COE» ^OEE* t OEW . Output Enable Time 

(B) t COD» ^ODO* t 0DW . Output Disable Time 
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TC55328P/J-20, TC55328P/J-25 
TC55328P/J-3S 




Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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TC55328P/J-20, TC55328P/J-25 
TC55328P/J-35 


OUTLINE DRAWINGS 

Plastic SOJ (SOJ28-P-300) 

UNIT: mm 



Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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The TC55329P/J is a 294,912 bits high speed static random access memory organized as 
32,768 words by 9 bits using CMOS technology, and operated from a single 5-volt supply. 
Toshiba’s CMOS technology and advanced circuit form provides high speed feature. 

The TC55329P/J has low power feature with device control using Chip Enable (CE1/CE2), and 
has Output Enable Input (OE) for fast memory access. Also the device power at memory 
access is reduced by automatic power down circuit form. 

The TC55329P/J is suitable for use in cache memory where high speed is required, and high 
speed storage. All Inputs and Outputs are directly TTL compatible. 

The TC55329P/J is moulded in 32 pin standard DIP and SOJ with 300 mil width for high 
density surface assembly. 


• Fast access time: 

TC55329P/J-20 20ns(MAX.) 
TC55329P/J-25 25ns(MAX.) 
TC55329P/J-35 35ns(MAX.) 

• Low power dissipation 

Operation: TC55329P/J-20 120mA(MAX.) 

TC55329P/J-25 120mA(MAX.) 

TC55329P/J-35 100mA(MAX.) 

Standby : 1mA(MAX.) 


• 5V single power supply: 5V±10% 

• Fully static operation 

• All Inputs and Outputs: TTL compatible 

• Output buffer control : OE 

• Package 

32 pin plastic 300 mil DIP: TC55329P 
32 pin plastic 300 mil SOJ: TC55329J 
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TC55328P/J-20, TC55328P/J-25 
TC55328P/J-35 


|MAXIMUM RATINGS] 


SYMBOL 

ITEM 

RATING 

UNIT 

VdD 

Power Supply Voltage 

-0.3^ 7.0 

V 

VlN 

Input Voltage 

-2.0^ 7.0 

V 

Vl/O 

Input/Output Voltage 

-0.5 ^ v DD+0.5 

V 

P D 

Power Dissipation 

1.0 

w 

T solder 

Soldering Temperature . Time 

260 • 10 

°C • sec 

T strg 

Storage Temperature 

-65 ^150 

°C 

Topr 

Operating Temperature 

. O'WO 

°C 


I DC RECOMMENDED OPERATING CONDITIONS - ] (Ta=0'W0°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V DD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

VlH 

Input High Voltage 

2.2 

- 

V D p+0.3 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 


| DC and OPERATING CHARACTERISTICS! (Ta=0^ 70°C, V DD =5V±m) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

V IN=0^DD 


- 

±1 

yA 

iOH 

Output High Current 

V OH =2.4V 

-4 

- 

- 

mA 

I OL 

Output Low Current 

V ol =0.4V 

8 

- 

- 

mA 

*L0 

Output Leakage Current 

CEI=V ih or CE2-VJL or OE=V IH 
or WE=Vxl , VouT’O-vVcd 

- 


±1 

y A 

Iddo 

Operating Current 

V dd = 5.5V, t cyc ie=MIN cycle 
CEI-Vjl and CE2=V IH 

Other Input=Vjg/VjL 

-20 

- 

- 

120 

mA 

-25 

- 

- 

120 

-35 

- 

- 

100 

I DDS1 

Standby Current 

V DD “5.5V, t cycle *MIN cycle 
CE1=V IH or CE2-V IL 

Other Input-VjH/VlL 

- 

■ 

20 

mA 

I DDS2 

CEl=V D 0-O.2V or CE2=0.2V 

Other Input=V0p-O.2V or 0.2V 

- 

- 

■ 


I CAPACITANCE] (Ta=25°C, f-l.OMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C IN 

Input Capacitance 

v in =gnd 

6 

pF 

CoUT 

Output Capacitance 

^out = ^nd 

8 

pF 


NOTE: This parameter periodically sampled is not 100% tested. 
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TC55329P/J-20, TC55329P/J-25 
TC55329P/J-35 


I AC CHARACTERISTICS] (Ta-0 ^ 70°C, V DD =5V±10%) 


READ CYCLE 


SYMBOL 

PARAMETER 

TC55329P/J-20 

TC55329P/J - 25 

TC55329P/J-35 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

c RC 

Read Cycle Time 

20 

- 

25 

- 

35 

- 

ns 

^ACC 

Address Access Time 

- 

20 

- 

25 

- 

35 

c C01 

CEl Access Time 

- 

20 

- 

25 

- 

35 

t C02 

CE2 Access Time 

- 

20 

- 

25 

- 

35 

tQE 

01 Access Time 

- 

10 

- 

12 

- 

15 

c OH 

Output Data Hold Time from Address 
Change 

5 

- 

5 

- 

5 

- 

c COE 

Output Enable Time from CEl or CE2 

5 

- 

5 

- 

5 

- 

tCOD 

Output Disable Time from CEl or CE2 

- 

10 

- 

10 

- 

15 

c OEE 

Output Enable Time from OE 

0 

- 

0 

- 

0 

| — 

t ODO 

Output Disable Time from OE 

- 

8 

- 

10 

- 

15 

mm I 

Chip Selection to Power Up Time 


- 

0 

- 

0 

- 

tPD i 

Chip Deselection to Power Down Time 


20 

- 

25 

- 

35 


WRITE CYCLE 


SYMBOL 

PARAMETER 

TC55329P/J-20 

TC55329P/J-25 

TC55329P/J-35 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 


- 

25 

- 

35 

- 


t CW 

Chip Enable to End of Write 

13 

- 

15 

- 

20 



tAS 

Address Set Up Time 

0 

- 

0 

- 

0 

- 


twp 

Write Pulse Width 

13 

- 

mm 

- 

20 

- 


tWR 

Write Recovery Time 

0 

- 


- 

0 

- 

ns 

EBI 

Data Set Up Time 

10 

- 

12 

- 

15 

- 


ISfSi 

Data Hold Time 

0 

- 

0 

- 

0 

- 


bsh 

Output Enable Time from WE 

0 

- 

0 

- 

0 



t ODW 

Output Disable Time from WE 

- 

8 

- 

10 

- 

15 



I AC TEST CONDITIONS! 


Input Pulse Levels 

3.0V/0.0V 

Input Pulse Rise and 

Fall Times 

3ns 

Timing Measurement 

Reference Levels 

2.0V/0.SV 

Output Load 

Fig .1 


1 Fig-1 


5V 


H8on 


I/Opino- 


C L =30pF ±: 


: 48on 


I/O pi n o_ 


: 25511 


CL=5pF J | 2550 


(For t C OE» tOEE. tCOD. 
t ODO> c OEW and C 0DW) 
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TC55329P/J-20, TC55329P/J-25 
TC55329P/J-35 


[TIMING WAVEFORMSl 



WRITE CYCLE 1 ^ (WE Controlled Write) 






C55329P/J-20, TC55329P/J-25 
rC55329P/J-35 








TC55329P/J-20, TC55329P/J-25 
TC55329P/J-35 


NOTE: !. WE is High for Read Cycle. 


2. Assuming that CE1 Low transition or CE2 High transition occurs coincident 
with or after WE Low transition. Outputs remain in a high impedance state. 


3. Assuming that CEl High transition or CE2 Low transition occurs coincident 
with or prior to WE High transition, Outputs remain in a high impedance 
state. 

4. Assuming that OE is High for Write Cycle, Outputs are in a high impedance 
state during this period. 


5. These parameters are specified as follows and measured by using the load 
shown in Fig. 1. 


( A ) t C0E» t 0EE» t OEW . Output Enable Time 

(B) t COD» t 0D0» t ODW . Output Disable Time 
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TC55329P/J-20, TC55329P/J-25 
TC55329P/J-35 


I OUTLINE DRAWINGS! 


Plastic DIP 


UNIT: mm 



Note: Package width and length do not include mold protrusion, allowable 
mold protrusion is 0.15mm. 
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TC55329P/J-20, TC55329P/J-25 
TC55329P/J-35 



UNIT: mm 



Note: Package width and length do not include mold protrusion, allowable mold 
protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODUCTS 

THMS121620Z-25, -35 


IdescriptjonI 

The THMS121620Z is a 16,384 words by 12 bits static RAM module constructed on a 
double sided PC board using three TC55417J (16Kx4) static RAMs in SOJ packages. 
The THMS121620Z is offered in a 40 pin 500 mil zip module suitable for 
applications, such as cache memory and high-speed storage, where high-speed 
and high packing density are required. 

The THMS121620Z is available with access times as fast as 25ns and maximum power 
consumption of 1.95 watts. All the inputs and outputs of the THMS121620Z are 
TTL compatible and the module operates from a single 5-volt supply. 


1 features! 

• Fast access time: 

THMS121620Z-25 25ns(MAX.) 
THMS121620Z-35 35ns(MAX.) 

• Low power dissipation: 

Operation THMS121620Z-25 360mA(MAX.) 

THMS121620Z-35 300mA(MAX.) 

Standby 60mA(MAX.) 

• 5V single power supply of 5V±10% 

Ipin connection! 


(TOP VIEW) 



• Fully static operation 

• Directly TTL compatible: All Input 

and Output 

• Output buffer control: OE 

• Package: 40 pin 500mil ZIP 


PIN NAMES| 


A0^A13 

Address Inputs 

DQ0 -v DQ11 

Data Input/Output 

CE 

Chip Enable Input 

WE 

Write Enable Input 

OE 

Output Enable Input 

VdD 

Power (+5V) 

GND 

Ground 

N.C. 

No Connection 
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TH MS121620Z-25, -35 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

VDD 

Power Supply Voltage 

-0.3 ^7.0 

V 

VlN 

Input Voltage 

-2.0% 7.0 

V 

v OUT 

Output Voltage 

-0.5% Vdd+0.5 

V 

PD 

Power Dissipation 

1.95 

w 

T solder 

Soldering Temperature • Time 

260 • 10 

°C•sec 

■SSH 

Storage Temperature 

-55% 125 

°C 

lopr 

Operating Temperature 

O'WO 

°C 


DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 


Power Supply Voltage 

4.5 

5.0 

5.5 

V 

VlH 

Input High Voltage 

2.2 

- 


VlL 

Input Low Voltage 

-0.3 

- 

0.8 


DC and OPERATING CHARACTERISTICS (Ta=0-\< 70°C, Vdd=5V+10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 



IlL 

Input Leakage Current 

V IN =0 % V D d 

- 

- 

±3.0 

UA 

X 0H 

Output High Current 

V 0h =2.AV 

-4 

- 

- 


lOL 

Output Low Current 

v ol =o.av 

8 

- 

- 

mA 

Ilo 

Output Leakage Current 

CE=V ih or WE=V il 

V 0 ut=° -v V DD 

- 

- 

±1.0 

UA 

Tddo 

Operating Current 

t cycle =Min cycle 

CE =V IL> V dd =5.5V 

Other Input=V];y/ViL 

-25 

- 

- 



-35 

- 

- 


Pddsi 

Standby Current 

t cycle s=Min c Y cle 

CE=V IH , V dd =5.5V 

Other Input-Vj H /V IL 

-25 

- 

- 

60 

mA 

-35 

X DDS2 

CE-V dd -0.2V 

Other Input=Vi)])-0.2V or 0.2V 

- 

- 

3 


CAPACITANCE (Ta=25°C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C IN 

Input Capacitance 

Vjn=GND 

23 

pF 

c 0UT 

Output Capacitance 

v OUT“ GND 

13 

pF 


Note: This parameter periodically sampled is not 100% tested. 
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THMS121620Z-25,-35 


AC CHARACTERISTICS (Ta-0'W0°C > V DD =5V±10%) 

Read Cycle_ 


SYMBOL 

PARAMETER 

THMS121620Z-25 

THMS121620Z-35 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

*-RC 

Read Cycle Time 

25 

- 

35 

- 

ns 

c ACC 

Address Access Time 

- 

25 

- 

35 

tco 

Chip Enable Access Time 

- 

25 

- 

35 

C 0E 

Output Enable to Output Valid 

- 

15 

- 

20 

tcOE 

Chip Enable to Output in Low-Z 

0 

- 

0 

- 

tCOD 

Chip Enable to Output in High-Z 

- 

15 

- 

15 

c OEE 

Output Enable to Output in Low-Z 

0 

- 

0 

- 

£ ODO 

Output Enable to Output in High-Z 

- 

10 

- 

15 

c OH 

Output Data Hold Time 

5 

- 

5 

- 


Write Cycle 


SYMBOL 

PARAMETER 

THMS121620Z-25 

THMS121620Z-35 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

twc 

Write Cycle Time 

25 

- 

35 

- 

ns 

twp 

Write Pulse Width 


- 

30 

- 

C cw 

Chip Enable to End of Write 

20 

- 

30 

- 

tAS 

Address Set Up Time 

0 

- 

0 

- 

£ kr 

Write Recovery Time 

0 

- 

0 

- 

£ odw 

WE to Output High-Z 


10 

- 

15 

£ oew 

WE to Output Low-Z 

0 

- 

0 

- 

£ ds 

Data Set Up Time 

12 

- 

15 

- 

t DH 

Data Hold Time 

0 

- 

0 

- 


AC TEST CONDITIONS 



Input Pulse Levels 

0.0V, 3.0V 

Input Rise and Fall Time 

5ns 

Input and Output Timing 
Reference Levels 

0.8V, 2.0V 

Output Load 

See Fig. 1 


Fig.1 OUTPUT LOAD 


Note: In all condition, t^oD max is less than t^QE m i n both for a given device 
and from device to device. 
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THMS121620Z-25.-35 


TIMING WAVEFORMS 

READ CYCLE (1) t RC 





Note: 1. WE is High for_Read cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low 
transition. Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to WE 
High transition. Outputs remain in a high impedance state. 

4. The Operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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THMS161620Z-25,-35 


Idescription] 

The THMS161620Z is a 16,384 words by 16 bits static RAM module constructed on a 
double sided PC board using four TC55417J (16Kx4) static RAMs in SOJ packages. 
The THMS161620Z is offered in a 40 pin 500 mil zip module suitable for 
applications, such as cache memory and high-speed storage, where high-speed and 
high packing density are required. 

The THMS161620Z is available with access times as fast as 25ns and maximum power 
consumption of 2.6 watts. All the inputs and outputs of the THMS161620Z are TTL 
compatible and the module operates from a single 5-volt supply. 

iFEATURESl 


Fast access time: 

THMS161620Z-25 25ns(MAX.) 
THMS161620Z-35 35ns(MAX.) 

Low power dissipation: 

Operation THMS161620Z-25 480mA(MAX.) 

THMS161620Z-35 400mA(MAX.) 

Standby 80mA(MAX.) 

Single power supply of 5V±10% 


Fully static operation 

Directly TTL compatible: All Input 

and Output 

Output buffer control: OE 
Package: 40 pin 500 mil ZIP 


PIN connection! 

(TOP VIEW) 

GND 

DQ1 
DQ3 
A0 
A2 
A 4 
A 6 
DQ4 
DQ6 
V\E 
OE 
DQ8 
DQ1 0 
GND 
A 1 2 
A1 0 
A 8 

V DD 
DQ1 3 

DQ 1 5 



DQ0 

DQ2 

V DD 

A I 

A3 

A 5 

GND 

DQ5 

DQ7 

GND 

CE 

DQ9 

DQ 1 1 

A 1 3 

A 1 1 

A9 

A? 

DQ 1 2 
DQI 4 
GND 



iPIN NAMESl 


A0 ^ A13 

Address Inputs 

DQ0 'v DQ15 

Data Input/Output 

CE 

Chip Enable Input 

WE 

Write Enable Input 

OE 

Output Enable Input 

VDD 

Power (+5V) 

GND 

Ground 


G-9 













THMS161620Z-2S, -35 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

V DD 

Power Supply Voltage 

-0.3* 7.0 

V 

VlN 

Input Voltage 

-2.CK 7.0 

V 


Output Voltage 

-0.5> a. Vj)j)+0.5 

V 

PD 

Power Dissipation 

2.6 

w 

T solder 

Soldering Temperature • Time 

260 • 10 

"C-sec 

T stg 

Storage Temperature 

-55 * 125 

°c 

^opr 

Operating Temperature 

0* 70 

°c 


DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 


VdD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

VlH 

Input High Voltage 

2.2 

- 

V D d+0.3 

V IL 

Input Low Voltage 

-0.3 

- 

0.8 


DC and OPERATING CHARACTERISTICS (Ta=0*70°C, V DD =5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

v IN“0 * Vdd 

- 

- 

±4.0 

pA 

I OH 

Output High Current 

V 0 H=2.4V 

-4 

- 

- 

mA 

lOL 

Output Low Current 

V ol =0.4V 

8 

- 

- 

mA 

PlO 

Output Leakage Current 

CE=V ih or WE=V il 

V OUT =0 ^ V DD 

- 

- 

= 1.0 

UA 

I DDO 

Operating Current 

t cycle =Min c y cle 

CE=VlL> V dd =5.5V 

Other Input=Vjfl/VjL 

-25 

- 

- 

480 

mA 

-35 

- 

- 

400 

I DDS1 

Standby Current 

tcyde^Min cycle 

CE=Vi H , V dd =5.5V 

Other Input=Vj[|/VjL 

-25 

- 

- 

80 

mA 

-35 

*DDS2 

CE=V dd -0.2V 

Other Input*Vj)D-0.2V or 0.2V 

- 

- 

4 


CAPACITANCE (Ta=25°C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MAX. 

UNIT 

C IN 

Input Capacitance 


28 

PF 

c OUT 

Output Capacitance 


13 

pF 


Note: This parameter periodically sampled is not 100% tested. 
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THMS161620Z-25, -35 


AC CHARACTERISTICS (Ta=0'W0°C, V DD =5V±10%) 
Read Cycle 


SYMBOL 

PARAMETER 

THMS161620Z-25 

THMS161620Z-35 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

c RC 

Read Cycle Time 

25 

- 

35 

- 


c ACC 

Address Access Time 

- 

25 

- 

35 


rt 

O 

O 

Chip Enable Access Time 

- 

25 

- 

35 


t 0E 

Output Enable to Output Valid 

- 

15 

- 

20 


t COE 

Chip Enable to Output in Low-Z 

0 

- 

0 

- 

ns 

t COD 

Chip Enable to Output in High-Z 

- 

15 

- 

15 


t OEE 

Output Enable to Output in Low-Z 

0 

- 

0 

- 


C 0D0 

Output Enable to Output in High-Z 

- 

10 

- 

15 



Output Data Hold Time 

5 

- 

5 

- 



Write Cycle 


SYMBOL 

PARAMETER 

THMS161620Z-25 

THMS161620Z-35 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

*wc 

Write Cycle Time 

25 

- 

35 


ns 


Write Pulse Width 

20 

- 

30 

- 


Chip Enable to End of Write 

BUS 

BEflH 


■B 

C AS 

Address Set Up Time 


BjMW 


- 

mm 

Write Recovery Time 

0 

- 

0 

- 

BSM 

WE to Output High-Z 

- 

10 

- 

15 


WE to Output Low-Z 

0 

- 

0 

- 


Data Set Up Time 

12 

- 

15 

- 


Data Hold Time 

0 

- 

0 

- 


AC TEST CONDITIONS v dd 



ro 


Input Pulse Levels 

0.0V, 3.0V 

Input Rise and Fall Time 

5ns 

Input and Output Timing 
Reference Levels 

0.8V, 2.0V 

Output Load 

See Fig. 1 


777 777 

Fig.1 OUTPUT LOAD 

Note: In all condition, t^QD max i s less than t£ 0 £ min both for a given device and 

from device to device. 
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THMS161620Z-25,-35 


TIMING WAVEFORMS 


READ CYCLE (1) 

A0~~Al 3 X 

--^ 

r. .i.~~ x.~ ~_ 


| *ACC 

LX 

CE 

^ t CO 

XWXX7////7//X 


ton 

| l COD | 

X 

X 

X 

X 

1 

1 w 
lo 


/mz/mw/M/Mz//////, 

l COE 

hoEE 

' I s* 'n yv * 

-L 

DQ0HDQ15 ( Dqut ) - 



output data valid —-- 



WRITE CYCLE 2 (CE Controlled Write) 

AO-Al3 

CE “ 


IX 

!as.J . 


X 


l cw 


UVR 


yf 


WE 


• \\\ V\ VXVB V\W v I" ~\ i— 


*WT 




0E 


iCOE 


I * ODW, 


DQ0-DQ15(D O ut) 

DQCKDQ15(D in ) 




HIGH IMPEDANCE 


_1ds 


^ DAT.' 


DATA IN STABLE 


Be 


Note: 1. WE is High for Read cycle. 

2. Assuming that CE Low transition occurs coincident with or after WE Low 
transition, Outputs remain in a high impedance state. 

3. Assuming that CE High transition occurs coincident with or prior to WE 
High transition, Outputs remain in a high impedance state. 

4. The Operating temperature (Ta) is guaranteed with transverse air flow 
exceeding 400 linear feet per minute. 
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THMS1616207-25,-35 


I OUTLINE DRAWINGSl 


Unit in mm 


52.2 MAX. 


8.8 9 MAX 











s 

o 

oc 

Q. 

LU 

"O 

(0 

T3 

C 

iS 

55 
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TOSHIBA MOS MEMORY PRODUCTS 


[description] 


TMM27256BD-15, TMM27256BD-150 
TMM27256BB-20, TMM27256BB-200 


The TMM27256BD is a 32,768 words * 8 bits ultraviolet light erasable and electrically 
programmable read only memory. 

For read operation, the TMM27256BD t s access time is 150ns/200ns, and the TMM27256BD 
operates from a single 5-volt power supply and has low power standby mode which 
reduces the power dissipation without increasing access time. The standby mode is 
achieved by applying a TTL-high level signal to the CE - input. 

For program operation, the programming is achieved by using the high speed programming 
mode. The TMM27256BD is fabricated with the N-channel silicon double layer gate MOS 
technology. 


[features! 



-15 

-20 

-150 

-200 

v cc 

5V±5% 

5V±10% 

tACC 

150ns 

200ns 

150ns 

200ns 

TCC2 

100mA 

120mA 

I CC1 

30mA 

35mA 


[pin connection] 



Full static operation 
High speed programming mode I, TL 
Inputs and outputs TTL compatible 
Pin compatible with i27256 
Standard 28 pin DIP cerdip package 


[BLOCK DIAGRAM] 

Vpp GND VqC 


OO 01 02 03 04 05 06 07 



PIN NAMES| 

(MODE SELECTION 


iirm 







'd- 

i—i 
< 
<? 
o 
< 

Address Inputs 

00 ^ 07 

Outputs (Inputs) 

Read 

L 

L 



Data Out 

Active 

CE 

Chip Enable Input 

Output Deselect 

* 

H 

High Impedance 

OE 

Output Enable Input 

Standby 


Vc 



v PP 

Program Supply 
Voltage 

Program 

L 

H 

1) 
12.5V 

2) 

12.75V 

eV 

2) 

6.25V 

Data In 



H 

H 

High Impedance 

v cc 

Power Supply 

Voltage (+5V) 


* 


Data Out 

GND 

Ground 

*: H or L 1): HIGH SPEED PROGRAMMING MODE I 

2): HIGH SPEED PROGRAMMING MODE 31 
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TMM27256BD-15, TMM27256BD-150 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vqq Power Supply Voltage 

-0.6* 7.0 

V 

Vpp 

Program Supply Voltage 

-0,6*14.0 

V 

VlN 

Input Voltage 

-0.6 ^ 7.0 

V 

V I/0 

Input/Output Voltage 

-0.6* 7.0 

V 


Power Dissipation 

1.5 

VJ 

T SOLDER 

Soldering Temperature • Time 

260 • 10 

°C*sec 


Storage Temperature 

-65*125 

°C 


Operating Temperature 

0* 70 

°C 


READ OPERATION 


D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM27256BD-15/20 

TMM27256BD-150/200 

Ta 

Operating Temperature 

0^70°C 

0% 70°C 

Vcc 

V CC Power Supply Voltage 

5V±5% 

5V±10% 

Vpp 

Vpp Power Supply Voltage 

2.0^V C C+0.6V 

2.0^ Vcc+0.6V 


D.C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

VlN 5 * 0 * v cc 

- 

- 

±10 

pA 

TlO 

Output Leakage Current 

Vqut^ 0 *^ * V CC 

- 

- 

±10 

yA 

I CC1 

Supply Current (Standby) 

ce=v ih 

-15/20 

- 

- 

30 

mA 

-150/200 

- 

- 

35 

ICC2 

Supply Current (Active) 

CE=Vil 

-15/20 


- 

100 


-150/200 

- 

- 

120 

VlH 

Input High Voltage 


2.0 

- 

Vcc+1-0 

■ 

VIL 

Input Low Voltage 

- 

-0.3 

- 

0.8 

V 

on 

Output High Voltage 

TOH^OOyA 


- 

- 

V 


Output Low Voltage 

I OL ==2 * lmA 

- 

- 

0.4 

V 


Vpp Current 

Vpp=0 * VcC+0-6 

- 

- 

±10 

yA 
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A.C. CHARACTERISTICS 


SYMBOL 

PARAMETER 

TMM27256BD-15/150 



MIN. 

MAX. 

MIN. 



Address Access Time 

- 

150 

- 

200 

ns 

t CE 

CE to Output Valid 

- 

150 

- 

200 

ns 

t OE 

0E to Output Valid 

- 

70 

- 

70 

ns 

C DF1 

CE to Output in High-Z 

0 

60 

0 

60 

ns 

C DF2 

OE* to Output in High-Z 

0 

60 

o. 

60 

ns 

t 0H 

Output Data Hold Time 

0 

- 

0 

- 

ns 


A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


CAPACITANCE* (Ta=25°C, f=lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 



MAX. 

UNIT i 

C IN 

Input Capacitance 

Vin=0V 

- 

4 

6 

pF 

c 0UT 

Output Capacitance 

Vqut = dv 

- 

8 

12 

pF 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 


1 TTL Gate and CL=100pF 
10ns Max. 

0.45V2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 
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PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE I) 
D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 


TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 


- 

Vcc+1.0 

V 

V IL 

Input Low Voltage 


- 

0.8 

V 

< 

n 

o 

V CC Power Supply Voltage 



6.25 

V 

Vpp 

V PP Power Supply Voltage 

QQH 


13.0 

V 


D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, Vcc=6y±0.25V, Vpp=12.5V±Q.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

V IN =0^ V c c 

- 


±10 

yA 


Output High Voltage 

IOH = “^00pA 

EOI 

- 

- 

V 


Output Low Voltage 

I 0L =2.1mA 

- 


0.4 

V 


V CC Supply Current 

- 

- 

- 

120 

mA 

IPP2 

Vpp Supply Current 

V PP=13.0V 

- 

- 

50 

mA 


A.C. PROGRAMMING CHARACTERISTICS (Ta=25t5°C, V CC =6V±Q,25V, Vp P =12.5Vi0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

t kS 

Address Setup Time 

- 

2 

- 


ys 

*-AH 

Address Hold Time 


2 

- 

- 



CE Setup Time 

- 

mm 

- 

- 

ns 


CE Hold Time 

- 

0 

- 

- 

ns 

BBI 

OE Setup Time 

- 

2 

- 

- 

ys 

tDS 

Data Setup Time 

- 


- 

- 

KOI 

tDH 

Data Hold Time 

- 

2 

- 

- 

gg 


Vpp Setup Time 

- 

2 

■ 

- 

ys 

BXI33H 

Vcc Setup Time 

- 

2 

mm 

mm 

ys 

tpw 

Initial Program Pulse Width 

Cl=V IL , 0 E=Vih 


1.0 

B29 

ms 

c OPW 

Overprogram Pulse Width 

K 

■ 


MB 1 

ms 

t OE 

OE to Output Valid 

li 

■ 


£ 

ns 

t DFP 

OE" to Output in High-Z 

CE=Vih 

- 

- 

■ 

ns 


A.C. TEST CONDITIONS 

• Output Load : 

• Input Pulse Rise and Fall Time : 

• Input Pulse Levels : 

• Timing Measurement Reference Level: 

Note 1: The length of the overprogram 
value X. 

- H-6 - 


1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V'V' 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 
pulse may vary as a function of the counter 
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PROGRAT-1 OPERATION (HIGH SPEED PROGRAMMING MODE E) 
D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V IH 

Input High Voltage 

2.0 

- 

Vcc+1.0 

V 

VlL 

Input Low Voltage 

~0.3 

- 

0.8 

V 

V CC 

V cc Power Supply Voltage 

6.0 

6.25 

6.5 

V 

v PP 

V PP Power Supply Voltage 

12.5 

12.75 

13.0 

V 


D.C. AND OPERATING CHARACTERISTICS (Ta=25±5 c C, V C c*6.25V±0.25V, Vpp«12.75V±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Current 

v IN =o^ v cc 

- 

- 


yA 

V 0H 

Output High Voltage 

IOH = ”^OOyA 

2.4 

- 

- 

V 

V 0 L 

Output Low Voltage 

IOL“2.1mA 

- 

- 


V 

I CC 

V CC Supply Current 

- 

- 

- 

£ 

mA 

I PP2 

Vp p Supply Current 

Vpp”!3•OV 

- 

- 

50 

mA 


A.C. PROGRAMMING CHARACTERISTICS (Ta-25±5°C, V cc =6,25V±0.25V, V PP =12.75V±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C AS 

Address Setup Time 

- 

2 

- 

- 

ys 


Address Hold Time 

- 

2 

- 

- 

ys 

t CES 

CE Setup Time 

- 

0 

- 

- 

ns 

t CEH 

CE Hold Time 

- 

0 

- 

- 

ns 

t OES 

OE Setup Time 

- 

2 

- 

- 

ys 

*-DS 

Data Setup Time 

- 

2 

- 

- 

ys 

t DH 

Data Hold Time 

- 

2 

- 

- 

ys 

tvps 

Vpp Setup Time 

- 

2 

- 

- 

ys 

t VCS 

Vqq Setup Time 

- 

2 

- 

- 

ys 

mm 

Program Pulse Width 

ce=v il , oe=v ih 

0.095 

0.1 


ms 


OE to Output Valid 

CE=Vih 

- 

- 


ns 

Bi 

OE to Output in High-Z 

CE= V IH 

- 

- 

130 

ns 


A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and C^ (lOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V^2.4V 

• Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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TMM27256BD-15, TMM27256BD-150 
TMM27256BD-20, TMM27256BD-200 


TIMING WAVEFORMS (PROGRAM) 

HIGH SPEED PROGRAMMING MODE I (V CC =6V±0.25V, V PP =12.5V±0.5V) 

HIGH SPEED PROGRAMMING MODE I (V CC =6.25V±0.25V, V PP =12.75V±0.25V) 



Note 1. Vqc must be applied simultaneously or before Vpp and cut off 
simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket 
with Vpp=12.5V±0.5V or Vpp=12.75V±0.25V may cause permanent damage 
to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, 
the overshoot voltage of its pulse should not be exceeded 14V. 
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TMM27256BD-15, TMM27256BD-150 
TMM27256BD-20, TMM27256BD-200 


ERASURE CHARACTERISTICS 

The TMM27256BD’s erasure is achieved by applying shortwave ultraviolet light which 
has a wavelength of 2537A (Angstroms) to the chip through the transparent window. 

Then integrated dose (ultraviolet light intensity [w/cm2] x exposure time [sec.]) for 
erasure should be a minimum of 15 [wsec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a 
distance of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [pw/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In this case, the integrated dose is 
12000 [pw/cm 2 ] * (20* 60) [sec] s. 15 [wsec/cm 2 ] .) 

The TMM27256BD f s erasure begins to occur when exposed to light with wavelength shorter 
than 4000l. The sunlight and the flourescent lamps will include 3000^ 4000A wavelength 
components. Therefore when used under such lighting for extended periods of time, the 
opaque seals-Toshiba EPROM Protect Seal AC901-are available. 


OPERATION INFORMATION 

The TMM27256BD ! s six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 


~ ~~~-________PIN NAMES (NUMBER) 

MODE -——. 

CE 

(20) 

OE 

(22) 

Vpp 

(1) 

V CC 

(28) 

00 -v 07 

(11 'V' 13, 15 ^ 19) 

POWER 

Read Operation 

(Ta=0 T/ 70°C) 

Read 

L 

L 



Data Out 

Active 

Output Deselect 

* 

H 

5V 

5V 

High Impedance 

Standby 

H 

* 



High Impedance 

Standby 

Program Operation 

(Ta=25±5°C) 

Program 

L 

H 

12.5V 1 '* 

6V 1 ) 

Data In 


Program Inhibit 

H 

H 

2) 

12.75V 

2) 

6.25V 

High Impedance 

Active 

Program Verify 

* 

L 

Data Out 



Note: H; V IH , L; V IL , *; V IH or V IL 1); HIGH SPEED PROGRAMMING MODE I 

2); HIGH SPEED PROGRAMMING MODE H 


READ MODE 

The TMM27256BD has two control functions. The chip enable (CE) controls the operation 
power and should be used for device selection. 

The output enable (OE) control the output buffers, independent of device selection. 
Assuming that CE=0 E=Vil,, the output data is valid at the outputs after address access 
time from stabilizing of all addresses. 

The CE" to output valid (tCE) is equal to the address access time (t A Q C ). 

Assuming that CE=Vil and all addresses are valid, the output data is valid at the 
outputs after tQE from the falling edge of OE. 
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OUTPUT DESELECT MODE 

Assuming that CE=Vjh or OE=Vxh> the outputs will be in a high impedance state. 

So two or more TMM27256BD , s can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 

STANDBY MODE 

The TMM27256BD has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TMM27256BD is placed in the standby 
mode which reduce 70% of the operating current by applying TTL-high level and 
then the outputs are in a high impedance state, independent of the OE inputs. 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM27256BD are in the "l" 
state which is erased state. 

Therefore the program operation is to introduce "O's" data into the desired bit 
locations by electrically programming. 

The TMM27256BD is in the programming mode when the Vpp input is at 12.5V or 12.75V 
and CE is at TTL-Low level under OE=VpH. 

The TMM27256BD can be programmed any location at anytime either individually, 
sequentially, or at random. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly .programmed on the pro¬ 
grammed bits. 

The verify is accomplished with OE at Vj^ and CE - at Vjy or V^j,. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (12.5V or 12.75V) is applied to Vpp 
terminal, a TTL high level CE input inhibits the TMM27256BD from being programmed. 
Programming of two or more TMM27256BD l s in parallel with different data is easily 
accomplished. That is, all inputs except for CE and OE may be commonly connected, 
and a TTL Low level program pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other devices. 
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HIGH SPEED PROGRAMMING MODE I 

This high speed programming mode I is performed at V(x=6.0V and Vpp=12.5V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse with 
pulse width 3 times that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 
with V cc =V pp =5V. 

HIGH SPEED PROGRAMMING MODE D 

The program time can be greatly decreased by using this high speed programming mode 
IE. This high speed programming mode II is performed at Vqq=6,25V and Vpp=12.75V. 
The programming is achieved by applying a single TTL low level 0.1ms pulse to the 
CE input after addresses and data are stable. Then the programmed data is verified 
by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 
with V CC =V PP =5V. 
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HIGH SPEED PROGRAMMING MODE I FLOW CHART 
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HIGH SPEED PROGRAMMING MODE D FLOW CHART 



TMM27256BD-15, TMM27256BD-150 
TMM27256BB-20, TMM27296BB-200 


V cc = 6.25 ± 0.25 V 
Vpp = 12.75 ± 0.25 V 


= START ADDRESS 


PROGRAM: TPW—0.1 ms 


X> 25 ? 


READ:ONE BYTE 


LAST ADDRESS? 


V C c =5.0 V 


READ 

ALL BYTES 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TMM27256BD which identifies 
its manufacture and device type. 

The programming equipment may read out manufacturer code and device code from 
TMM27256BD by using this mode before program operation*and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjl in read operation. Data output in this con¬ 
ditions is manufacturer code. Device code is identified when address AO is set to 
Vjh* These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electric signature of TMM27256BD. 


PINS 

AO 

07 

06 

05 

04 

03 

02 

01 

00 

HEX. 

SIGNATURE^^^^ 

(10) 

09) 

(18) 

(17) 

(16) 

05) 

03) 

(12) 

(11) 

DATA 

Manufacture Code 

VlL 

1 

0 

0 

1 

1 

0 




Device Code 

VlH 

0 

1 

0 

n 

0 ■ 

B 

B 

0 

54 


Notes: A9=12V±0.5V 

Al'vAS, AIO^AIA, CE, 0E=V IL 
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OUTLINE DRAWINGS 



1 14 




Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm 

of their true longitudinal position with respect No.l and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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[DESCRIPTION| 

The TMM27256BDI is a 32,768 words x8 bits ultraviolet light erasable and electrically 
programmable read only memory. 

For read operation, the TMM27256BDI 's access time is 150ns/200ns, and the TMM27256BDI 
operates from a single 5-volt power supply and has low power standby mode which 
reduces the power dissipation without increasing access time. The standby mode is 
achieved by applying a TTL-high level signal to the CE input. 

For program operation, the programming is achieved by using the high speed programming 
mode. The TMM27256BDI is fabricated with the N-channel silicon double layer gate MOS 
technology. 

| FEATURES| . _ao ^ 


Wide operating temperature range -40 ^85°C 

Full static operation 

High speed programming mode I, II 

Inputs and outputs TTL compatible 

Pin compatible with i27256 

Standard 28 pin DIP cerdip package 

I BLOCK DIAGRAM! 



-15 | 

Vcc 

5V±5% 

c ACC 

150ns 

I CC2 

120mA 

I CC1 

35mA 


PIN CONNECTION 



Vpp GND 


OE CE 
CIRCUIT 


OO 01 02 03 04 05 0 6 07 


OUTPUT BUFFERS 



[ PIN NAMES! 


ACKA14 Address Inputs 


00^-07 Outputs (Inputs) 

CE Chip Enable Input 
OE Output Enable Input 
Vpp Program Supply 
Voltage 

Vpo Power Supply 
Voltage (+5V) 

GND Ground 


MODE SELECTION 


Read L 
Output Deselect * 
Standby H 
Program L 
Program Inhibit H 
Program Verify * 


Vpp V CC 00 ^ 07 POWER 

(1) (28) (11^13, 15vL9) 

Date Out 

- Active 

5V 5V High Impedance 

High Impedance Standby 

1) 1) Data In 

12.5V 6V - 

High Impedance Active 

12.75V6.25V Data Out 


*: H or L 1): HIGH SPEED PROGRAMMING MODE I 

2) : HIGH SPEED PROGRAMMING MODE TL 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

v cc 

Vcc Power Supply Voltage 

-0.6 * 7.0 

V 

Vpp 

Program Supply Voltage 

-0.6 -v- 14.0 

V 

VlN 

Input Voltage 

-0.6 o, 7.0 

V 

vi/o' 

Input/Output Voltage 

-0.6 * 7.0 

V 


Power Dissipation 

1.5 

W 

t solder 

Soldering Temperature • Time 

260 • 10 

°C* sec 

t stg 

Storage Temperature 

-65 ^125 

°C 

t opr 

Operating Temperature 

-40 ^ 85 

°C 


READ OPERATION 

D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM27256BDI-12/20 

T a 

Operating Temperature 

-40 % 85"C 

v cc 

V cc Power Supply Voltage 

5V±5% 

Vpp 

Vpp Power Supply Voltage 

2.2 ^V C c+0.6V 


D.C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

V IN =0 ■v Vcc 

- 

- 

±10 

yA 

X LO 

Output Leakage Current 

v Out=°.4 'Wcc 

- 

- 

±10 


I CC1 

Supply Current (Standby) 

CE=Vih 

- 

- 

35 

II 

I CC2 

Supply Current (Active) 

ce=v il 

- 

- 

120 


VlH 

Input High Voltage 

- 

2.2 

- 

Vcc+1.0 

ma 

VlL 

Input Low Voltage 

- 

-0.3 

- 

0.8 

V 

v OH 

Output High Voltage 

IOH=-400yA 

2.4 

- 

- 

V 

hJ 

o 

> 

Output Low Voltage 

l0L = 2•1mA 

- 

- 

0.4 

D 

^PI 

Vpp Current 

V pp =0 ^Vcc+0.6 

- 

- 

±10 
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A.C. CHARACTERISTICS 


SYMBOL 

PARAMETER 

TMM27256BDI-15 

TMM27256BDI-20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tACC 

Address Access Time 

- 

150 

- 

200 

ns 

c CE 

CE to Output Valid 

- 


- 

200 

ns 

tOE 

OE to Output Valid 

- 

70 

- 

70 

ns 

t DFl 

CE to Output in High-Z 

0 


0 

60 

ns 

t DF2 

OE to Output in High-Z 

0 

.60 

0 

60 

ns 

C 0H 

Output Data Hold Time 

0 


0 




A.C. TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and CL=100pF 
10ns Max. 

0.45V ^2.4V 

Inputs 0.8V and 2.0V, Ontputs 0.8V and 2.0V 


CAPACITANCE* (Ta=25°C, f*lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 




UNIT 

ClN 

Input Capacitance 

VlN = 0V 

- 

4 

6 

PF 

c 0UT 

Output Capacitance 

V 0 UT=°V 

- 

8 

12 



* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 
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PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE I) 
D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 


V 

VlL 

Input Low Voltage 


- 


V 

Vcc 

Vcc Power Supply Voltage 

5.75 

6.0 

6.25 

V 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D.C. AND OPERATING CHARACTERISTICS (Ta=25±5“C, V CC =6V±0.25V, V PP =12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

!lI 

Input Current 

Vin=0 ^ Vcc 

- 

- 

±10 

yA 

V 0H 

Output High Voltage 

IqH =— 4 00yA 

warn 

- 

- 

V 

V OL 

Output Low Voltage 

I OL=2. 1mA 

- 

- 

IB 

V 

I CC 

Vcc Supply Current 

- 

- 

- 

KB 


I PP2 

Vpp Supply Current 

V PP =13.0V 

- 

- 

50 

■ 


A.C. PROGRAMMING CHARACTERISTICS (Ta=25t5°C, V C c=6v±0.25V, V PP =12.5V±Q.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

fc AS 

Address Setup Time 

- 

2 

- 

- 

y s 

t AH 

Address Hold Time 

- 

2 

- 

- 

ys 

*-CES 

CE Setup Time 

_ 

0 

- 

- 

ns 

t CEH 

CE Hold Time 

- 

0 

- 

- 

ns 

tOES 

OE Setup Time 

- 

2 

- 

- 

ys 

tDS 

Data Setup Time 

- 

2 

- 

- 

ys 

*-DH 

Data Hold Time 

_ 

2 

- 

_ 

ys 

tvps 

Vpp Setup Time 

- 

2 

- 

- 

ys 

c VCS 

Vcc Setup Time 

- 

2 

- 

- 

ys 

C PW 

Initial Program Pulse Width 

CE=Vil, 

OE=Vih 

0.95 

1.0 

1.05 

ms 

c 0PW 

Overprogram Pulse Width 

Note 1 

2.85 

3.0 

78.75 

ms 

c OE 

OE to Output Valid 

ce=v ih 

- 

- 

150 

ns 

t DFP 

OE to Output in High-Z 

CE=Vih 

- 

- 

130 

ns 


A.C. TEST CONDITIONS 


• Output Load : 

• Input Pulse Rise and Fall Time : 

• Input Pulse Levels ; 

• Timing Measurement Reference Level: 

Note 1: The length of the overprogram 
value X. 


1 TTL Gate and 
10ns Max. 

0.45V ^2.4V 
Input O.BV and 
pulse may vary 


C L (lOOpF) 

2.0V, Output 0.8V and 2.0V 
as a function of the counter 
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PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE H) 
D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP, 

MAX. 

111119 

VlH 

Input High Voltage 

2.2 

- 

Vcc+1•0 

V 

VlL 

Input Low Voltage 

Bil 

- 

0.8 

V 

Vcc 

Vqq Power Supply Voltage 



6.5 

V 

Vpp 

Vpp Power Supply Voltage 

12.5 


13.0 

V 


D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, V C c=6-25V±0.25V, V PP =12.75V±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 



X LI 

Input Current 

v XN =o ^v cc 

- 

- 

±10 

yA 

v OH 

Output High Voltage 

lOH^-^OOpA 

2.4 

- 

- 

V 

V 0 L 

Output Low Voltage 

I 0L =2.1mA 

- 

- 


V 

I CC 

V cc Supply Current 

- 

- 

- 

120 

mA 

IPP2 

Vpp Supply Current 

Vpp=13.0V 

- 

- 

50 

mA 


A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, Vcc=6-25V±0.25V, V PP =12.75V±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

t kS 

Address Setup Time 

_ 

2 

- 

- 

y s 

tAH 

Address Hold Time 

- 

2 

- 

- 

ys 

tCES 

CE Setup Time 

- 

0 

- 

- 

ns 

c CEH 

CE Hold Time 

- 

0 

- 

- 

ns 

tOES 

OE Setup Time 

- 

2 

- 

- 


C DS 

Data Setup Time 

- 

2 

- 

- 

ys 

tDH 

Data Hold Time 

- 

2 

- 

- 

ys 

£ VPS 

Vpp Setup Time 

- 

2 

- 

- 

ys 

c VCS 

Vqq Setup Time 

- 

2 

- 

- 

ys 

tpw 

Program Pulse Width 

ce=v il> 5 e=v ih 



lygggjl 


coe 

OE to Output Valid 

CE=Vih 

“ 

- 


ns 

t DFP 

OE to Output in High-Z 

CE=Vih 

— 

- 

W 

ns 


A.C. TEST CONDITIONS 

• Output Load : 

• Input Pulse Rise and Fall Times : 

• Input Pulse Levels : 

• Timing Measurement Reference Level: 


1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V ^ 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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TIMING WAVEFORMS (PROGRAM) 


HIGH SPEED PROGRAMMING MODE I (V C C =6 V±0.25V, V pp =12.5V±0.5V) 

HIGH SPEED PROGRAMMING MODE n (V cc =6.25V±0.25V, V pp =12.75V±0.25V) 



Note 1. must be applied simultaneously or before V pp and cut off 

simultaneously or after V pp . 

2. Removing the device from socket and setting the device in socket 
with V PP =12.5V 0.5V or V pp =12.75V 0.25V may cause permanent damage 
to the device. 

3. The V PP supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the V pp terminal. 
When the switching pulse voltage is applied to the V PP terminal, 
the overshoot voltage of its pulse should not be exceeded 14V. 
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ERASURE CHARACTERISTICS 

The TMM27256BDI ’s erasure is achieved by applying shortwave ultraviolet light which 
has a wavelength of 2537A (Angstroms) to the chip through the transparent window. 

Then integrated dose (ultraviolet light intensity [w/cm 2 ] x exposure time [sec.]) for 
erasure should be a minimum of 15 [wsec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a 
distance of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [pw/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In this case, the integrated dose is 
12000 [pw/cm 2 ] x (20 x60) [sec] -15 [w*sec/cm 2 ].) 

The TMM27256BDI f s erasure begins to occur when exposed to light with wavelength shorter 
than 4000A. The sunlight and the florescent lamps will include 3000^4000A wavelength 
components. Therefore when used under such lighting for extended periods of time, the 
opaque seals -Toshiba EPROM Protect Seal A.C901- are available. 


OPERATION INFORMATION 


The TMM27256BDI 's six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 


~~~ ~---__^_^nXNAMES^(NUMBERT 

CE 

(20) 

OE 

(22) 

Vpp 

(1) 




Read Operation 

(Ta=0 'v 70°C) 

Read 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program Operation 

(Ta=25±5°C) 

Program 

L 

H 

12.5V 1 ) 
12.75V* 

6V 1 ) 

6.25V* 

Data In 

Active 

Program Inhibit 

H 

H 

High Impedance 

Program Verify 

* 

L 

Data Out 


Note: H; Vx H , L; V IL , *; Vih or V IL 1); HIGH SPEED PROGRAMMING MODE I 


2); HIGH SPEED PROGRAMMING MODE n 


READ MODE 

The TMM27256BDI has two control functions. The chip enable (CE) controls the operation 
power and should be used for device selection., 

The output enable_(0E) controls the output buffers, independent of device selection. 
Assuming that CE=0 E=\ t xl, the output data is valid at the outputs after address access 
time from stabilizing of all addresses. 

The CE to output^ valid (t^g) is equal to the address access time (t^cc)* 

Assuming that CE=Vxx and all addresses are valid, the output data is valid at the 
outputs after tQE from the falling edge of OE. 
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OUTPUT DESELECT MODE 

Assuming that CE=Vjh or O e==v IH> the outputs will be in a high impedance state. 

So two or more TMM27256BDI f s can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in a low power 
standby mode. 

STANDBY MODE 

The TMM27256BDI has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TMM27256BDI is placed in the standby 
mode which reduce 70% of the operating current bv applying TTL-high level and 
then the outputs are in a high impedance state, independent of the OE inputs. 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM27256BDI are in the "1" 
state which is erased state. 

Therefore the program operation is to introduce M 0’s" data into the desired bit 
locations by electrically programming. 

The TMM27256BDI is in the programming mode when the Vpp input is at 12.5V or 12.75V 
and CE is at TTL-Low level under OE=Vih* 

The TMM27256BDI can be programmed any location at anytime either individually, 
sequentially, or at random. 

PROGRAM VERIFY MODE 

The verify mode is to check if desired data is correctly porgrammed on the pro¬ 
grammed bits. 

The verify is accomplished with OE at Vjl abd CE at Vj^ or Vjl* 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (12.5V or 12.75V) is applied to Vpp 
terminal, a TTL high level CE input inhibits the TMM27256BDI from being programmed. 
Programming of two or more TMM27256BDI f s in parallel with different data is easily 
accomplished. That is, all inputs except for CE and OE may be commonly connected, 
and a TTL Low level program pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other devices. 
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HIGH SPEED PROGRAMMING MODE I 

This high speed programming mode I is performed at Vq^= 6.0V and Vpp=12.5V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse with 
pulse width 3 times that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 
with V cc =V pp =5V. 

HIGH SPEED PROGRAMMING MODE II 

The program time can be greatly decreased by using this high speed programming mode 
IT. This high speed programming mode II is performed at Vqq-6,25V and Vpp=12.75V. 
The programming is achieved by applying a single TTL low level 0.1ms pulse to the 
CE input after addresses and data are stable. Then the programmed data is verified 
by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied 
and then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 
with Vcc=Vpp=5V. 
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HIGH SPEED PROGRAMMING MODE I FLOW CHART 



ADDRESS OVERPROGRAM 3X PULSES OF 1msec 

= NEXT ADDRESS OR ONE PULSE OF 3X msec DURATION 
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HIGH SPEED PROGRAMMING MODE D 



ADDRESS 

= NEXT ADDRESS 


NO 


TMM27256BDM5, TMM27256BDI-20 


FLOW CHART 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TMM27256BDI which identifies 
its manufacture and device type. 

The programming equipment may read out manufacturer code and device code from 
TMM27256BDI by using this mode before program operation and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjl in read operation. Data output in this con¬ 
ditions is manufacturer code. Device code is identified when address AO is set to 
Vjjj. These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electric signature of TMM27256BDI. 




o 

1 

o 


03 

02 

01 

00 

HEX. 

jfiBSHHSSS 




mu 


(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 



0 

0 

n 

1 




98 

Device Code 



i 

0 

a 

0 

Hi 



54 


Notes: A9=12V±0.5V 

A1^A8, AIO'VAIA, CE, 0E=V IL 
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OUTLINE DRAWINGS 

Unit in mm 



Note l 


Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm 

of their true longitudinal position with respect No.l and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA NIOS MEMORY PRODUCTS 


TC57256AD-12Q, TC57256AD-12 
r _, TC57256AD-150 

IdescriptionI 


The TC57256AD is a 32,768 word x8 bit CMOS ultraviolet light erasable and electri¬ 
cally programmable read only memory. For read operation, the TC57256AD f s access time 
is 120ns, and the TC57256AD operates from a single 5-volt power supply and has low 
power standby mode which reduces the power dissipation without increasing access time. 
The standby mode is achieved by applying a TTL-high level signal to the CE input. 
Advanced CMOS technology reduces the maximum active current to 30mA/8.3MHz and standby 
current to lOOuA, For program operation, the programming is achieved by using the 
high speed programming mode. For program operation, the programming is achieved by 
using high speed programming mode. TC57256AD is fabricated with the CMOS technology 
and the N-channel silicon double layer gate MOS technology. 


IFEATURESI 


• Peripheral circuit: CMOS 
Memory cell : N-MOS 



-12 

-120 -150 

Vcc 

5V±5% 

5V±10% 

t ACC 

120ns 

120ns | 150ns 


• Single 5V power supply 


!PIN CONNECTION! (TOP VIEW) 


V PPC 1 
A12C 2 
A7C 3 
A6 C 4 
A5C 5 
A4 C 6 
A3C 7 
A2C 8 
AlC 9 
AO C 10 
00C 11 
OlC 12 
02 C 13 
ONI)C 14 


28 DV CC 
27 3A14 
26 3 A13 
25 3A8 
24 DA9 
23 3 All 
22 3^1 
21 3 A10 
20 3^1 
19 3 07 

18 3°6 
17 305 
16 3 04 
15 303 


Full static operation 
High speed programming mode 
Inputs and outputs TTL compatible 
Pin compatible with ROM TC53257P, TMM23256P, 
TMM27256AD and TC57256D 
Standard 28 pin DIP cerdip package 

I BLOCK DIAGRAM I 


Vpp GND v cc 00 01 02 03 04 05 06 07 



I PIN NAMESl 

Imode selection l 

A0 ^ A14 

00 ^07 

CE 

OE 

Vpp 

Address Inputs 
Outputs(Inputs) 

Chip Enable Input 
Output Enable Input 
Program Supply 
Voltage 

iisssii 

CE 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

00 ^ 07 

(11 ~ 13,15 ^19) 

POWER 

| Read 

L 

L 



Data Out 



* 

mm 

High Impedance 

Standby 

mm 

mm 

High Impedance 

Standby 

Program 

KB 

El 

U 

12.5V 

2) 

12.75V 

6V 

2) 

6.25V 

Data In 

Active 

Vcc 

VCC Supply Voltage 
(+5V) 

Program Inhibit 

H 

H 


Program Verify 

* 

mm 

Data Out 

GND 

Ground 

* H or L !); HIGH SPEED PROGRAM MODE I, 


2): HIGH SPEED PROGRAM MODE H 
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I MAXIMUM RATINGSl 


SYMBOL 

ITEM 

RATING 

UNIT 

V CC 

v cc Power Supply Voltage 

-0.6 ^7.0 

V 

Vpp 

Program Supply Voltage 

-0.6 'o 14.0 

V 

VlN 

Input Voltage 

-0.6 'v 7.0 

V 

V I/0 

Input/Output Voltage 

-0.6 'vVcc'fO.5 

V 

P D 

Power Dissipation j 

... .j 

1.5 

W 

t solder 

Soldering Temperature . Time 

260 • 10 

°C • sec 

TsTG 

Storage Temperature 

-65 ^125 

°c 

t opr 

Operating Temperature 

0 'WO 

°c 


Iread operation] 

D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TC57256AD-12 

TC57256AD-120/150 

Ta 

Operating Temperature 

0 W0°C 

0 W0°C 

vcc 

Vcc Power Supply Voltage 

5V±5% 

5V±10% 

Vpp 

Vpp Power Supply Voltage 

v cc-°- 6v ^ v cc+°- 6V 

v CC“°’ 6v ^V CC +0.6V 


D.C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

Vin- 0 'vVcc 

- 

- 

±10 

PA 

IL0 

Output Leakage Current 


- 

- 

±10 


I CC01 

Operating Current 

CE=0V 

X OUX“® mA 

f-8.3MHz 

- 

- 

30 


X CC02 

f-lMHz 

- 

- 

15 

I CCS1 

Standby Current 

CE=VlH 

- 

- 

1 

mA 

X CCS2 


- 

- 


pA 

VlH 

Input High Voltage 


2.2 

- 

Vcc+0.3 

V 

VlL 

Output Low Voltage 


-0.3 

- 

0.8 

V 

V 0H 

Output High Voltage 

IOH®”400yA 

D 

- 

- 

V 

V 0 L 

Output Low Voltage 

I 0 L“2.1mA 

- 

- 

0.4 

V 

X PP1 

Vpp Current 

Vpp”Vcc~0.6 r vVQQ+0.6 

” 

- 

±10 

pA 
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A.C. CHARACTERISTICS 


SYMBOL 

PARAMETER 

TEST CONDITION 

TC57256AD-120/12 

TC57256AD-150 

UNIT 



MIN. 

MAX. 

£ ACC 

Address Access Time 


- 

120 

- 

150 

ns 

£ ce 

Cf to Output Valid 

0E*Vi L 

- 

120 

- 

150 

ns 

C 0E 

OE to Output Valid 

CE=Vil 

- 

60 

- 

70 

ns 


CE to Output in High-Z 

0E*Vi L 

0 

50 

0 

60 




CE» V IL 

0 

50 

0 



£ oh 

Output Data Hold Time 

ce=oe=v il 

0 

- 

0 

- 

ns 


A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and C^lOOpF 
10ns Max* 

0.45V 'v 2.4V 

Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 


CAPACITANCE *(Ta=25°C, f=lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 




UNIT 

C IN 

Input Capacitance 

v IN =ov 

- 

1 

6 

pF 

c 0UT 

Output Capacitance 1 

Vqut =OV 

- 


12 

pF 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS 
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I HIGH SPEED PROGRAM MOdTTI 
D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 

vcc+i.o 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

v C c 

V C c Power Supply Voltage 

5.75 


6.25 

V 

V PP 

Vpp Power Supply Voltage 

12.0 


13 ;0 

V 


D.C. and OPERATING CHARACTERISTICS (Ta=25±5 0 C, V CC =6V±0.25V, Vp P =12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Current 

v IN *o ^v cc 

- 

- 

±10 

UA 

Vqh 

Output High Voltage 

Ioh ss “^°°u a 

mm 

- 

- 

V 


Output Low Voltage 

IOL=2.1mA 

- 

- 

0.4 

V 

I cc 

Vcc Supply Current 

- 

- 

- 

30 

mA 

WBEm 

Vpp Supply Current 

Vpp*13.0V 

- 

- 

50 

mA 

— 

A9 Auto Select Voltage 

- 

11.5 

12.0 

12.5 

V 


A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V C c°6V±0-25V, Vpp=12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

fc AS 

Address Setup Time 

- 

2 

- 

- 

us 

C AH 

Address Hold Time 

- 

2 

- 

- 

us 

c CES 

CE Setup Time 

- 

0 

- 

- 

ns 

t CEH 

CE Hold Time 

- 

0 

- 

- 

ns 

tOES 

OE Setup Time 

- 

2 

- 

- 


C DS 

Data Setup Time 

- 

2 

- 



C DH 

Data Hold Time 

- 

2 

- 


us 

C VPS 

Vpp Setup Time 

- 

2 

- 

- 

us 

t VCS 

V cc Setup Time 

- 

2 

- 

- 

us 

t PW 

Initial Program Pulse Width 

ce=Vil, oe=v ih 

0.95 

1 

1.05 

ms 

tOPW 

Overprogram Pulse Width 

Note 1 


3 


ms 

t OE 

OE to Output Valid 

CE= v ih 

- 

- 

100 

ns 

t DFP 

OE* to Output in High-Z 

CE=Vih 

- 

- 

90 

ns 


A.C. TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 

Note 1: 


1 TTL Gate and Ci/lOOpF) 

10ns Max. 

0.45V ^2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 


The length of the overpgoram pulse may vary as a function of the counter 
value X. 
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1 HIGH SPEED PROGRAM OPERATION II1 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V IH 

Input High Voltage 

2.2 

- 

Vcc+1.0 

V 


Input Low Voltage 

-0.3 

- 

0.8 

V 

v C c 

V cc Power Supply Voltage 

6.00 

6.25 

6.50 

V 

Vpp 

Vpp Power Supply Voltage 

12.50 

12.75 

13.00 

V 


D.C. AND OPERATING CHARACTERISTICS (Ta=25+5°C, V cc «6.25+0.25V, V PP =12.75±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

VpN*0 ^ Vcc 

- 

- 

±10 

UA 

v OH 

Output High Voltage 

ioH*-400yA 

2.4 

- 

- 

V 

VOL 

Output Low Voltage 

IOL“2.1mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 

- 

- 

- 

30 

mA 

I P P2 

Vpp Supply Current 

Vpp»13.0V 

- 

- 

50 | 

mA 

VlD 

A9 Auto Select Voltage 

- 

11.5 

12.0 

12.5 

V 


A.C. PROGRAMMING CHARACTERISTICS (Ta=25+5°C, V cc °6.25+0.25V, V PP °12.75+0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

t AS 

Address Setup Time 

- 

2 

- 

- 

us 

t AE 

Address Hold Time 

- 

2 

- 

- 

US 

t CES 

CE" Setup Time 

- 

0 

- 

- 

ns 

tCEH 

CE Hold Time 

- 

0 

- 

- 

ns 

C DS 

Data Setup Time 

- 

2 

- 

- 

us 

C DH 

Data Hold Time 

- 

2 

- 

- 

ys 

C VPS 

Vpp Setup Time 

- 

2 

- 

- 

us 

C VCS 

Vcc Setup Time 

- 

2 

- 

- 

us 

tpw 

Program Pulse Width 

ce-Vil, oe-v ih 

0.095 

o.i | 


ms 

t 0E 

OE to Output Valid 

CE=Vih 

- 

- 


ns 

t DFP 

OE to Output in High-Z 

ce=v ih 

- 

- 

90 

ns 


A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and C L (100pF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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TC57256AD-120, TC57256AD-12 
TC57256AD-150 


TIMING WAVEFORMS (PROGRAM) 

HIGH SPEED PROGRAM MODE I (V CC =6V±0.25V, V PP =12.5V±0.5V) 

HIGH SPEED PROGRAM MODE II (V CC =6.25V±0.25V, V PP =12.75V±0.25V) 



Note 1. Vcc must be applied simultaneously or before Vpp and cut off simultaneously 
or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.5V (12.75V) may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. 

So the voltage over 14V should not be applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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ERASURE CHARACTERISTICS! 

The TC57256AD's erasure is achieved by applying shortwave ultraviolet light which has 
a wavelength of 2537& (Angstroms) to the chip through the transparent window. 

Then intergrated does (ultraviolet light intensity [w/cm 2 ] x exposure time [sec.]) for 
erasure should be a minimum of 15 [wsec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a dis¬ 
tance of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [pw/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In this case, the integrated does is 
12000 [pw/cm 2 ] x (20 x 60) [sec] *15 [wsec/cm 2 ].) 

The TC57256AD 1 s erasure begins to occur when exposed to light with wavelength shorter 
than 4000A. The sunlight and the flourescent lamps will include 3000 ^4000& wave¬ 
length components. Therefore when used under such lighting for extended periods of 
time, the opaque seals-Toshiba EPROM Protect Seal AC901-are available. 


I OPERATION INFORMATION I 


The TC57256AD's six operation modes are listed in the following table. 

Mode selection can be achieved by applying TTL level signal to all inputs. 




P! 


IH5I 



Read Operation 
(Ta=0 v 70°C) 

Read 

L 

L 

5V 

5V 

\ 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program Operation 
(Ta=25±5°C) 

Program 

L 

H 

1) 

12.5V 

2) 

12.75V 

1 ) 

6V 

2) 

6.25V 

Data In 

Active 

Program Inhibit 

H 

H 

High Impedance 

Program Verify 

* 

L 

Data Out 


Note: H; V IH , L; V IL , *; V IH or V IL , 


1) ; HIGH SPEED PROGRAM MODE I 

2) ; HIGH SPEED PROGRAM MODE H 


1 READ MODE I 

The TC57256AD has two control functions. The chip enable (CE) controls the operation 
power and should be used for device selection. 

The output enable (OE) control the output buffers, independent of device selection. 
Assuming that CE^OE^Vil, the output data is valid at the outputs after address access 
time from stabilizing of all addresses. 

The CE to output valid (to?) is equal to the address access time (t^cc)* 

Assuming that CE-Vil and all addresses are valid, the output data is valid at the 
outputs after tQE from the falling edge of 0E. 


OUTPUT DESELECT MODE I 

Assuming that CE^Vjh or 0 E=Vxh> the outputs will be in a high impedance state. 

So two or more TC57256AD f s can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 
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I STANDBY MODE] 

The TC57256AD has a low power standby mode controlled by the (?F signal. 

By applying a high level to the CF input, the TC57256AD is placed in the standby 
mode which reduce the operating current to lOOpA by applying MOS-high level (Vcc) 
and then the outputs are in a high impedance state, independent of the OE inputs. 


I PROGRAM M0D~El 

Initially, when received by customers, all bits of the TC57256AD are in the ”1" 
state which is erased state. 

Therefore the program operation is to introduce "O's" data into the desired bit 
locations by electrically programming. 

The TC57256AD is in the programming mode when the Vpp input is at 12.5V and CF is 
at TTL-Low under OF*Vjh« 

The TC57256AD can be programmed any location at any time either individually, 
sequentially, or at random. 


I PROGRAM VERIFY MODEI 

The verify mode is to check that desired data is correctly programmed on the 
programmed bits. 

The verify is accomplished with OE at Vjl. 


IPROGRAM INHIBIT MODE] 

Under the condition that the program voltage (+12.5V or +12.75V) is applied to Vpp 
terminal, a high level CE input inhibits the TC57256AD from being programmed. 
Programming of two or more TC57256AD f s in parallel with different data is easily 
accomplished. That is, all inputs except for CF and OE may be commonly connected, 
and a TTL low level program pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other devices. 


1 HIGH SPEED PROGRAM M0DE~71 

The program time can be greatly decreased by using this high speed programming mode. 
The device is set up is the high speed programming mode when the programming 
voltage (+12.5V) is applied to the Vpp terminal with V CC =6V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the 
CE input after addresses and data are stable. Then the programmed data is verified 
by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse 
with width of 3 times more than that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 
with Vcc=Vpp=5V. 
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HIGH SPEED PROGRAM MODE~lfl 

The device is set up in the high speed programming mode when the programming voltage 
(+12.75V) is applied to the Vpp terminal with Vq£*6.25V. 

The programming is achieved by applying a single TTL low level 0.1ms pulse the CE 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 
then programmed data is verified. This should be repeated until the program operates 
correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 
with V CC =V PP =5V. 
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ADDRESS = OVERPROGRAM 3X PULSES OP 1 msec 

NEXT ADDRESS OR ONE PULSE OF 3X msec DURATION 
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ELECTRIC SIGNATURE MODE] 

Electric signature mode allows to read out a code from TC57256AD which identifies 
its manufacturer and device type. 

The programming equipment may reads out manufacturer code and device code from 
TC57256AD by using this mode before program operation and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to V IL in read operation. Data output in this con¬ 
ditions is manufacturer code. Device code is identified when address AO is set 
to Vj H . These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electric signature of TC57256AD. 


■BSB9IBQ 


07 

06 

05 

04 

03 

02 

01 

00 

HEX. 



(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 

VlL 

n 

0 

0 

1 

1 


0 

0 

98 

Device Code 

VlH 

n 

1 

0 

0 

0 

1 

0 




Notes: A9=12V±0.5V 

A1^A8, A10^A14, CE*, 0F=V IL 
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1 2 34 5 6 7 8 9 ID 11 12 13 14 



Note 1 Note 2 


Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm 
of their true longitudinal position with respect No.l and No.28. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC57256AD-15, TC57256AD-20 


l description! 

The TC57256AD is a 32,768 word * 8 bit CMOS ultraviolet light erasable and electri¬ 
cally programmable read only memory. For read operation, the TC57256AD's access time 
is 150ns,and the TC57256AD operates from a single 5-volt power supply and has low power 
standby mode which reduces the power dissipation without increasing access time. The 
standby mode is achieved by applying a TTL-high level signal to the Cli input. Advanced 
CMOS technology reduces the maximum active current to 30mA/6.7MHz and standby current 
to 100pA. For program operation, the programming is achieved by using the high speed 
programming mode. For program operation, the programming is achieved by using high 
speed programming mode. TC57256AD is fabricated with the CMOS technology and the 
N-channel silicon double layer gate MOS technology. 


IFEATURESI 

• Peripheral circuit: CMOS 

Memory cell : N-MOS 

• Low power dissipation 

Active : 30mA/6.7MHz 
Standby: lOOuA 

• Fast access time: 

TC57256AD-15 l50ns 
TC57256AD-20 200ns 

[PIN CONNECTION! (TOP VIEW) 


VppC 

1 ^ 

J 23 

□ 

v cc 

AI2C 

2 

27 

□ 

A14 

A7 C 

3 

26 

□ 

A13 

A6 C 

4 

25 

□ 

A8 

A5 C 

5 

24 

□ 

A9 

A4L 

6 

23 

3 

All 

A3 n 

7 

22 

□ 

oE 

A2 C 

a 

21 

□ 

A10 

AlC 

9 

20 

3 

cE 

AOC 

10 

19 

□ 

07 

ooC 

n 

18 

3 

06 

01 C 

12 

17 

3 

05 

02 C 

13 

16 

3 

04 

GNDC 

14 

15 

3 

03 


• Single 5V power supply 

• Full static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with ROM TC53257P, 

TMM23256P, TMM27256AD and TC57256D 

• Standard 28 pin DIP cerdip package 

I BLOCK DIAGRAM! 


V FP GND V CC 00 01 02 03 04 05 06 07 



? 1 ? 

nmtn 

OE 0 

CE°— 

oE £E 
CIRCUIT 


OUTPUT BUFFERS 


AO O— 








A1 O— 


( 6 

COLUMN 

64 

COLUMN I/O 
CIRCUIT 

A2 O— 
A3 O — 

m 


DECODER 


A4 0— 

ta 







A5 0 — 

% 






■ 

A6 O — 

cq 







A 7 O- 

A8 O— 

co 

CO 

1 

Q 

< 

^ 9 

ROW 

512 

MEMORY CELL 

ARRAY 

32,768X8bi te 

A9 0- 

A10 O— 
All O — 

- 

DECODER 


Al 2 O — 
A13 0— 
Al 4 0— 










(mode selection! 

AO ^ A14 

Address Inputs 

PIN 

CE 

OE 

Vpp 

Vcc 

00 3, 07 

POWER 

00 ^ 07 

Outputs (Inputs) 

MODE 

(20) 

(22) 

q)_ 

(28) 

(11^13, 15 ^19) 

CE 

Chip Enable Input 

Read 

L 

n 

mm 


Data Out 

Active 

5* 

Output Enable Input 

Output Deselect 

Mm 

B 

B 

5V 

High Impedance 

Vpp 

Program Supply 

Standby 

B 

■ 

11 


High Impedance 

Standby 

Voltage 

Program 

L 

ra 

m 


Data In 


Vcc 

Vcc Supply Voltage 

Program Inhibit 

B 

B 


6V 

High Impedance 

Active 

(+5V) 

Program Verify 

B 

L 

1 


Data Out 


GND 

Ground 

* H or L 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

VCC Power Supply Voltage 

-0.6 ^ 7.0 

V 

Vpp 

Program Supply Voltage 

-0.6''- 14.0 

V 

VXN 

Input Voltage 

-0.6^ 7.0 

V 

Vl/O 

Input/Output Voltage 

-0.6^ Vcc+0.5 

V 

Pd 

Power Dissipation 

1.5 

W 

TsOLDER 

Soldering Temperature Time 

260 • 10 


t strg 

Storage Temperature 

-65 ^ 125 

°c 

TqPR 

Operating Temperature 

-40 % 85 

°c 


READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 


- 

Vcc+0.3 

V 

VIL 

Input Low Voltage 

-0.3 

- 

0.8 ♦ 


Vcc Power Supply Voltage 


5.00 

5.25 

Vpp 

Vpp Power Supply Voltage 

Vcc-0.6 


Vcc+0.6 


D.C. and OPERATING CHARACTERISTICS (Ta=-40n- 85°C, V CC =5V±5%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Current 

V IN =0Vn-V C C 

- 

- 


pA 

X CC01 

Operating Current 

cir=ov 

f=6.7MHz 

- 

- 

30 

mA 

I CC02 

I OUT =0raA 


- 

- 


X CCS1 

Standby Current 

CE=V ih 

- 

- 

1 

mA 

X CCS2 

CE=V cc -0.2V 

- 

- 

100 

PA 

v OH 

Output High Voltage 

IOH“”^C0pA 

ESI 

- 

- 

V 

Pnom 

Output Low Voltage 

I 0 l= 2.1mA 

- 

- 

ESI 

V 


Current 



- 

- 

■El 

pA 

X L0 

Output Leakage Current 

VoUT“0*^ v % V CC 

- 

- 

110 

pA 
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A.C. CHARACTERISTICS (Ta=-40* 85°C, V cc =5V±5%, V PP =V cc ±0.6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

TC57256AD-15 

TC57256AD-20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

c ACC 

Address Access Time 

ce=oe=v il 

- 

150 

- 

200 

ns 

t CE 

CE to Output Valid 

oe=v il 

- 

150 


200 

t 0E 

0E to Output Valid 

CE=Vil 

- 

70 

- 

70 

t DFl 

CE to Output in High-Z 

oe=v il 

0 

60 | 

0 

60 

t DF2 

0E to Output in High-Z 

ce=v il 

0 

60 

0 

60 

c OH 

Output Data Hold Time 

ceoe=v il 

0 

. - 

0 

- 


A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and Cj^lOOpF 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V^2.4V 

• Timing Measurement Reference Level: Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 


CAPACITANCE *(Ta=25°C, f-lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIX. | TYP. 

MAX. 

UNIT 

C IX 

Input Capacitance 

V IK =0V 

- | 4 

6 

pF 

C 0UT 

Output Capacitance 

vqut = ov 

- 1 8 

12 i 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS 
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PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 

Vcc+1-0 

V 

VIL 

Input Low Voltage 

-0.3 

- 

0.8 

V CC 

VcC Power Supply Voltage 

5.75 

6.0 

6.25 

Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 


D.C. and OPERATING CHARACTERISTICS (Ta=25±5°C, Vcc=6V ± 0.25V, Vpp=12.5V± 0 .5V) 


SYMBOL 

PARAMETER 

TESTCONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Current 

Vxn~0 'v Vcc 

- 

- 

±10 

pA 

v OH 

Output High Voltage 

l0H = ”A00yA 

2.4 

- 

- 

V 

VOL 

Output Low Voltage 

I 0L =2.1mA 

- 

- 

0.4 

V 

Icc 

Vcc Supply Current 


- 

- 

40 j 

mA 

IPP2 

Vpp Supply Current 

Vpp=13.0V 

- 

- 

50 

mA 

VlD 

A9 Auto Select Voltage 

- 

11.5 

12.0 

12.5 

V 


A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V C c=6V ± 0 .25V, V PP =12.5V± 0 .5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

t AS 

Address Setup Time 

- 

2 

- 

- 

PS 

C AH 

Address Hold Time 

- 

2 

- 

- 

ps 

tCES 

CE Setup Time 

- 

0 

“ 

- 

ns 

tCEH 

CE Hold Time 

- 

0 

- 

- 

ns 

tOES 

OE Setup Time 

- 

2 

- 

- 

PS 

tDS 

Data Setup Time 

- 

2 

- 

- 

PS 

tDH 

; Data Hold Time 

- 

2 

- 

- 

ps 

tVPS 

Vpp Setup Time 

- 

2 

- 

- 

PS 

tvcs 

Vcc Setup Time 

- 

2 

- 

- 

PS 

tpw 

Initial Program Pulse Width 

ce=v il , oe=v ih 

0.95 

1 

1.05 

ms 

tOPW 

Overprogram Pulse Width 

Note 1 

2.85 

3 

78.75 

ms 

c OE 

OE to Output Valid 

CE=Vih 

- 

- 

150 

ns 

tDFP 

OE to Output in High-Z 

CE=Vih 

- 

- 

130 

ns 


A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and Cl (lOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels *• 0.45V 'v 2.4V 

• Timing Measurement Reference Level : Input 0.8V and 2.2V, Output 0.8V and 2.0V 

Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 
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TIMING WAVEFORMS (PROGRAM) 

( V CC =6V±0 - 25V > V pp =12.5V±0.5V) 



Note 1. Vqq must be applied simultaneously or before Vpp and cut off 
simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket 
with Vpp=12.5V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, 
the overshoot voltage of its pulse should not be exceeded 14V. 
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lERASURE CHARACTERISTICS! 

The TC57256AD , s erasure is achieved by applying shortwave ultraviolet light which has 
a wavelength of 2537A (Angstroms) to the chip through the transparent window. 

Then intergrated does (ultraviolet light intensity [w/cm 2 ] * exposure time [sec.]) for 
erasure should be a minimum of 15 [w • sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a 
distance of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [yw/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In this case, the integrated does is 
12000 [yw/cm 2 ]* (20 * 60) [sec] =15 [w • sec/cm 2 ].) 

The TC57256AD ? s erasure begins to occur when exposed to light with wavelength shorter 
than 4000A. The sunlight and the flourescent lamps will include 3000^4000A 
wavelength components. Therefore when used under such lighting for extended periods 
of time, the opaque seals-Toshiba EPROM Protect Seal AC901-are available. 


[OPERATION INFORMATION! 

The TC57256AD T s six operation modes are listed in the following table. 

Mode selection can be achieved by applying TTL level signal to all inputs. 


' ~~ ——— _PIN NAMES (NUMBER) 

MODE 

M 




1 


Read Operation 
(Ta=-40 "v 85°C) 

Read 

L 

L 

5V 

. 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program Operation 
(Ta=25 i 5 °C) 

Program 

L 

H 

12.5V 

6V 

Data In 

Active 

Program Inhibit 

H 

H 

High Impedance 

Program Verify 

* 

L 

| Data Out 


Note: H; V IH , L; V IL , *; V IH or V IL 


[READ MODE| 

The TC57256AD has two control functions. The chip enable (CE) controls the operation 
power and should be used for device selection. 

The output enable (OE) control the output buffers, independent of device selection. 
Assuming that CE=0 E=Vjl, the output data is valid at the outputs after address 
access time from stabilizing of all addresses. 

The CE to output valid ( t CE) is equal to the address access time ( t ACC)• 

Assuming that CE=Vil and all addresses are valid, the output data is valid at the 
outputs after ^OE from the falling edge of OE. 

lOUTPUT DESELECT MODEl 

Assuming that CE=Vjh or 0 E=Vjh, the outputs will be in a high impedance state. 

So two or more TC57256AD’s can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 
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jSTANDBY MODE! 

The TC57256AD has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TC57256AD is placed in the standby 
mode which reduce the operating current to lOOpA by applying MOS-high level (Vqq) 
and then the outputs are in a high impedance state, independent of the OE inputs. 


PROGRAM MODE! 

Initially, when received by customers, all bits of the TC57256AD are in the "l" 
state which is erased state. 

Therefore the program operation is to introduce "0’s" data into the desired bit 
locations by electrically programming. 

The TC57256AD is in the programming mode when the Vpp Input is at 12.5V and CE is 
at TTL-Low under OE^Vpp. 

The TC57256AD can be programmed any location at any time either individually, 
sequentially, or at random. 


IPROGRAM VERIFY MODE] 

The verify mode is to check that desired data is correctly programmed on the 
programmed bits. 

The verify is accomplished with OE at Vjp. 


PROGRAM in’HIBIT MODE 


Under the condition that the program voltage ( + 12,5V) is applied to Vpp terminal, 
a high level CE input inhibits the TC57256AD from being programmed. 

Programming of two or more TC57256AD f s in parallel with different data is easily 
accomplished. That is, all inputs except for CE and OE may be commonly connected, 
and a TTL low level program pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other devices. 


HIGH SPEED PROGRAMMING MODE] 

The program time can be greatly decreased by using this high speed programming 
mode. The device is set up in the high speed programming mode when the program¬ 
ming voltage (+12.5V) is applied to the Vpp terminal with Vqq-6V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the 
CE input after addresses and data are stable. Then the programmed data is verified 
by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times) 

After correctly programming the selected address, the additional program pulse 
with width of 3 times more than that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 
with Vcc=Vpp=5V. 
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TC57256AD-15, TC57256AD-20 


HIGH SPEED PROGRAM MODE FLOW CHART 



ADDRESS = OVERPROGRAM 3X PULSES OP 1msec 

NEXT ADDRESS OR ONE PULSE OF 3X msec DURATION 
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TC57256AD-15, TC57256AD-20 


ELECTRIC SIGNATURE MODEl 

Electirc signature mode allows to read out a code from TC57256AD which identifies 
its manufacturer and device type. 

The programming equipment may reads out manufacturer code and device code from 
TC57256AD by using this mode before program operation and automatically set 
program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vil in read operation. Data output in this 
conditions is manufacturer code. Device code is identified when address AO is set 
to Vj H . These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electirc signature of TC57256AD. 


MB 




05 

(17) 

04 

(16) 

03 

(15) 

02 

(13) 

01 

(12) 

00 

(11) 

HEX. 

DATA 

Manufacture Code 

V IL 

1 

0 

° 

1 

1 

0 

0 

0 

98 

Device Code 

VlH 

1 

1 

0 

0 

° 

1 

0 

0 

C4 


Notes: A9«12V±0.5V 

A1^A8, A10^A14, CE, 0E=V IL 
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3.2±0,7 , 5.2 MAX. 


TC57256AD-15, TC57256AD-20 


OUTLINE DRAWINGS 


Unit in mm 



1 2 3 4 5 6 78 9 10 11 12 13 14 




Note 2 


Note 1 


Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm 
of their true longitudinal position with respect No.l and No.28. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODOCTS 


TMM27512AD-17, TIKINI27512AD-20, TMM27512AD-25 
_TMM27512AD-200, TMM27512AD-250 

IDESCRI PTIOnI 

The TMM27512AD is a 65,536 wordsx 8 bits ultraviolet light erasable and electri¬ 
cally programmable read only memory. 

For read operation, the TMM27512AD f s access time is 170ns/200ns/250ns, and the 
TMM27512AD. operates from a single 5-volt power supply and has low power standby mode 
which reduces the power dissipation without increasing access time. The standby mode 
is achieved by applying a TTL-high level signal to the CE input. 

For program operation, the programming is achieved by using the high speed programming 
mode. The TMM27512AD is fabricated with the N-channel silicon double layer gate MOS 
technology. 


I FEATURES 



-17 

-20 

-25 

-200 

-250 

Vcc 

5V±5% 

5V±10% 

c ACC 

170ns 

200ns 

250ns 

200ns 

250ns 

I CC2 

120mA 

130mA 

I CC1 

3 5mA 

40mA 



• Full static operation 

• High speed programming mode I, IE 

• Inputs and outputs TTL compatible 

• Pin compatible with i27512 

• Standard 28 pin DIP cerdip package 

| BLOCK DIAGRAM] 


Vpp QNL' V cc 00 01 02 03 04 05 06 07 



PIN NAMES] 

AO ^ A15 

Address Inputs 

i"- 

o 

c 3 

o 

o 

Outputs (Inputs) 

CE 

Chip Enable Input 

SE/V p p 

Output /Program 

Enable / Supply 
Input / Voltage 

V CC 

Power Supply 
Voltage (+5V) 

GND 

Ground 


MODE SELECTlMI 


PIN 

MODE 

CE 

(20) 

OE/Vpp 

(22) 

Vcc 

(28) 

00 ^ 07 

(11v13, 15 ^ 19) 

POWER 

Read 

L 

L 


Data Out 

Active 

Output Deselect 

* 

H 

5V 

High Impedance 

Standby 

H 

* 


High Impedance 

Standby 

Program 

L 

< 

6 V 1 ) 

Data In 


Program Inhibit 

H 

Vpp 

2) 

High Impedance 

Active 

Program Verify 

L 

L 

6.25V 

Data Out 



*: H or L 1): HIGH SPEED PROGRAMMING MODE I 

2): HIGH SPEED PROGRAMMING MODE H 
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TMM27512AD-17, TMM27512AD-20, TMM27512AD-25 
TMM27512AD-200, TMM27512AD-250 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

v cc 

Vqq Power Supply Voltage 

-0.6 ^ 7.0 

V 

Vpp 

Program Supply Voltage 

-0.6 ^ 14.0 

V 

V IN 

Input Voltage 

-0.6 ~ 7.0 

V 

O 

M 

> 

Input/Output Voltage 

-0.6 % 7.0 

V 

Pd 

Power Dissipation 

1.5 

W 

T SOLDER 

Soldering Temperature • Time 

260 • 10 

°C • sec 

t stg 

Storage Temperature 

-65 % 125 

°C 

t opr 

Operating Temperature 

0 ^ 70 

°C 


READ OPERATION 

DC AND AC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM27512AD-17/20/25 

TMM27512AD-200/250 

Ta 

Operating Temperature 

0 % 70°C 

0 % 70°C 

Vcc 

V^c Power Supply Voltage 

5V±5% 

5V±10% 


DC AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Current 

v IN =o% v cc 

- 

- 

±10 

pA 

!lO 

Output Leakage Current 

Vout = 0 *4 ^ Vcc 

- 

- 

±10 

pA 


Supply Current (Standby) 

CE=Vih 

-17/20/25 

- 

- 

35 

mA 

-200/250 

- 

- 

40 


Supply Current (Active) 

ce=v il 

-17/20/25 

- 

- 

120 

mA 

-200/250 

- 

- 

130 


Input High Voltage 

- 

2.0 

- 

V CC+1.0 

V 

VlL 

Input Low Voltage 

- 

-0.3 

- 

0.8 

V 


Output High Voltage 

IOH“-4C)OyA 

2.4 

- 

- 

D 

V 0 L 

Output Low Voltage 

I 0L =2 * lmA 

- 

- 

0.4 

1 


Vpp Current 

Vpp=0 v Vcc+0.6 

- 

- 

±10 
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TMM27512AD-17, TMM27512AD-20, TMM27512AB-25 
TMM27512AD-200, TMM27512AD-250 


AC CHARACTERISTICS 


SYMBOL 

PARAMETER 

TMM27512AD-17 

TMM27512AD-20/200 

TMM27512AD-25/250 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

c ACC 

Address Access Time 

- 

170 

- 

200 

- 

250 

ns 

c CE 

CE to Output Valid 

- 

170 

- 

200 

- 

250 

ns 

fc OE 

0E to Output Valid 

- 

70 

- 

70 

- 

100 

ns 

C DF1 

CE to Output in High-Z 

0 

60 

0 

60 

0 

90 

ns 

t DF2 

OE to Output in High-Z 

0 

60 

0 

60 

0 

90 

ns 

t OH 

Output Data Hold Time 

0 

I 

- 

0 

- 

0 

- 

ns 


AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


CAPACITANCE * (Ta=25°C, f=lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C IN1 

Input Capacitance 

Vxm=0V 

- 

4 

6 

PF 

C IN2 

OE/Vpp Input Capacitance 

Vin=0V 

- 

50 

60 

pF 

Gout 

Output Capacitance 

V 0 UT = °V 

- 

8 

12 

pF 


* This parameter is periodically sampled and is not 100% tested. 


1 TTL Gate and CL=100pF 
10ns Max. 

0.45V^ 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 


TIMING WAVEFORMS (READ) 
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TMM27512AD-17, TMM27512AD-20, TMM27512AD-25 
TMM27512AD-200, TMM27512AD-250 


PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE I) 
DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.0 

- 

Vcc+I.o 

V 

VlL 

Input Low Voltage 

-0.3 


0.8 

V 

v cc 

V^c Power Supply Voltage 

5.75 

6.0 

6.25 

V 

V PP 

V PP Power Supply Voltage 

12.0 

j 

12.5 

13.0 

V 


DC and OPERATING CHARACTERISTICS (Ta=25±5°C, V CC =6V±0.25V, V PP =12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

Vin = 0%Vcc 

- 

- 

±10 

pA 

v OH 

Output High Voltage 

ToH = “4D0yA 

2.4 

- 

- 

V 

^4 

O 

> 

Output Low Voltage 

IOL = 2.1mA 

- 

- 

0.4 

V 

x cc 

Vcc Supply Current 

- 

- 

- 

130 

mA 

I PP2 

V PP Supply Current 

V PP =13.0V 

- 

- 

50 

mA 


AC PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V C c=6V±0.25V, V PP =12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

fc AS 

Address Setup Time 

- 

2 

- 

- 

ys 

fc AH 

Address Hold Time 

- 

2 

- 

- 

ys 

t OES 

(TE/V PP Setup Time 

- 

2 

- 

- 

ys 

t 0EH 

0E/V PP Hold Time 

- 

2 

- 

- 

ys 

t PRT 

0E/V PP Pulse Rise Time 

- 

50 


- 

ns 

*-DS 

Data Setup Time 

- 

2 

- 

- 

ys 

C DH 

Data Hold Time 

- 

2 


- 

ys 

t VR 

UE/V PP Recovery Time 

- 

2 

| 

- 

ys 

C vcs 

Vcc Setup Time 

- 

2 


- 

ys 

tpw 

Initial Program Pulse Width 

CE=V il , 0E/Vpp=Vpp 

0.95 

1.0 

1.05 

ms 

c 0PW 

Overprogram Pulse Width 

Note 1 

2.85 

3.0 

78.75 

ms 

fc DV 

Data Valid from CE 

OE/Vpp=Vi L 

- 

- 

1 

ys 

C DF 

CEl to Output in High-Z 

OE/V pp =Vjl 

- 

- 

130 

ns 


AC TEST CONDITIONS 

• Output Load : 1 TTL Gate and Cp, (lOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V^2.4V 

• Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V 

Note 1: The length of the overprogram pulse may vary as a function of the counter value 

X. 
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TMM27512AD-17, TMM27512AD-20, TMM27512AD-25 
TMM27512AD-200, TMM27512AD-250 


PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE E) 
DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.0 

- 

Vcc+1.0 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

v C c 

Vqq Power Supply Voltage 

6.0 

6.25 

6.5 

V 

Vpp 

V P p Power Supply Voltage 

12.5 

12.75 

13.0 

V 


DC and OPERATING CHARACTERISTICS (Ta=25±5°C, V C c=6.25V±0.25V, V PP =12.75V±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

Vin= 0^ V C c 

- 

- 

±10 

\iA 

V 0 H 

Output High Voltage 

IOH = ”^D0]jA 

2.4 

- 

- 

V 

VOL 

Output Low Voltage 

IOL = 2.1mA 

- 

- 

0.4 

V 

icc 

Vcc Supply Current 

- 

- 

- 

130 

mA 

I PP2 

V PP Supply Current 

Vpp=13.0V 

- 

- 

50 

mA 


AC PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V CC -6.25V±0.25V, V PP -12.75V±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

t AS 

Address Setup Time 

- 

2 

- 

- 

ys 

t AE 

Address Hold Time 

- 

2 

- 

- 

MS 

l OES 

OE/V PP Setup Time 

- 

2 


- 

ys 

t OEH 

OE/V PP Hold Time 

- 

2 

- 

- 

MS 

tPRT 

OE/V PP Pulse Rise Time 

- 

50 

- 

- 

ns 

*-DS 

Data Setup Time 

- 

2 


- 

MS 

tDH 

Data Hold Time 

- 

2 

- 

- 

MS 

C VR 

OE/V PP Recovery Time 

- 

2 

- 

- 

MS 

tvcs 

Vcc Setup Time 

- 

2 

- 

- 

ys 

tpw 

Program Pulse Width 

£E=V IL , 0E/Vpp=Vpp 

0.095 

0.1 

0.105 

ms 

tDV 

Data Valid from CE 

0E/Vpp=V IL 

- 

- 

1 

ys 

C DF 

CE to Output in High-Z 

0E/V PP =Vjl 

- 

- 

130 

ns 


AC TEST CONDITIONS 

• Output Load : 1 TTL Gate and C p (lOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V^2.4V 

• Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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TMM27512AD-17, TMM27512AD-20, TMM27512AD-25 
TMM27512AD-200, TMM27512AD-250 


TIMING WAVEFORMS (PROGRAM) 

HIGH SPEED PROGRAMMING MODE I (V CC =6V±0.25V, V PP =12.5V±0.5V) 

HIGH SPEED PROGRAMMING MODE JL (V cc =6.25V±0.25V, V pp =12.75V±0.25V) 



Note 1. Vqq must be applied simultaneously or before V pp and cut off 
simultaneously or after V P :>. 

2. Removing the device from socket and setting the device in socket with 
V PP =12.5±0.5V or V PP =12.75±0.25V may cause permanent damage to the device. 

3. The V PP supply voltage is permitted up to 14V for program operation. 

So the voltage over 14V should not be applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, 
the overshoot voltage of its pulse should not be exceeded 14V. 


— H-60 - 






TMM27S12AD-17, TMM27512AD-20. TMM27512AD-25 
TMM27512AD-200, TMM275t2AD-250 


ERASURE CHARACTERISTICS 

The TMM27512AD f s erasure Q is achieved by applying shortwave ultraviolet light which 
has a wavelength of 2537A (Angstroms) to the chip through the transparent window. 

Then integrated dose (ultraviolet light intensity [w/cm^] x exposure time [sec.]) for 
erasure should be a minimum of 15 [w.sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a dis¬ 
tance of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [uw/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In this case, the integrated dose is 
12000 [pw/cm 2 ] x (20 x 60) [sec] ^15 [w*sec/cm 2 ].) 

The TMM27512AD’s erasure begins to occur when exposed to light with wavelength Q 
shorter than 4000l. The sunlight and the flourescent lamps will include 3000^ 4000A 
wavelength components. Therefore when used under such lighting for extended periods 
of time, the opaque seals-Toshiba EPROM Protect Seal AC901-are available. 

OPERATION INFORMATION 

The TMM27512AD's six operation modes are listed in the following table. 

Mode selection can be achieved by applying TTL level signal to all inputs. 


--______^PIN NAMES (NUMBER) 

MODE —--_____ 

CE 

(20) 

OE/Vpp 

(22) 

V CC 

(28) 

00% 07 

(11 % 13, 15% 19) 

POWER 

Read Operation 

(Ta=0 % 70°C) 

Read 

L 

L 


Data Out 

Active 

Output Deselect 

* 

H 

5V 

High Impedance 

Standby 

H 

* 

i 

High Impedance 


Program Operation 

Program 

L 

Vpp 

6V 1 ) 

Data In 


(Ta=25±5°C) 

Program Inhibit 

H 

Vpp 

2)1 

6.25V 

High Impedance 


Program Verify 

L 

L 

Data Out 



Note: H; V IH , L; Vjl, *; V IH or V IL 1); HIGH SPEED PROGRAMMING MODE I 

2); HIGH SPEED PROGRAMMING MODE E 


READ MODE 

The TMM27512AD has two control functions. The.chip enable (CE) controls the operation 
power and should be used for device selection. 

The output enable (OE) control the output buffers, independent of device selection. 
Assuming that CE=0 E=Vjl, the output data is valid at the outputs after address access 
time from stabilizing of all addresses. 

The CE to output valid (t^g) is equal to the address access time (t^cc)• 

Assuming that CE=Vjl an< ^ a H addresses are valid, the output data is valid at the 
outputs after tQE from the falling edge of OE. 
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TMM27512AD-17, TMM27512AD-20, TMM27512AD-25 
TMM27512AD-200, TMM27512AD-250 


OUTPUT DESELECT MODE 

Assuming that CE=Vjh or OE=Vih, the outputs will be in a high impedance state. 

So two or more TMM27512AD's can be connected together on a common bus line. 

When CE~ is decoded for device selection, all deselected devices are in low power 
standby mode. 

STANDBY MODE 

The TMM27512AD has a low power standby mode controlled by the CtT signal. 

By applying a high level to the CE input, the TMM27512AD is placed in the standby 
mode which reduce 70% of the operating current by applying TTL-high level and 
then the outputs are in a high impedance state, independent of the OE inputs. 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM27512AD are in the "l” 
state which is erased state. 

Therefore the program operation is to introduce "O's" data into the desired bit loca¬ 
tions by electrically programming. 

The TMM27512AD is in the programming mode when the OE/Vpp input is at 12.5V or 12.75V 
and CE is at TTL-Low level. 

The TMM27512AD can be programmed any location at anytime either individually, 
sequentially, or at random. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed on the program¬ 
med bits. 

The verify is accomplished with OE/Vpp at Vjl and CE at Vjl. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage(12.5V or 12.75V) is applied to Vpp terminal, 
a TTL high level CE input inhibits the TMM27512AD from being programmed. 

Programming of two or more TMM27512AD f s in parallel with different data is easily 
accomplished. That is, all inputs except for CE may be commonly connected, and a TTL 
Low level program pulse is applied to the CE of the desired device only and TTL high 
level signal is applied to the other devices. 
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TMM27512AD-17, TMM27512AD-20, TMM27512AD-25 
TMM27S12AD-200, TMM27512AD-250 


HIGH SPEED PROGRAMMING MODE I 

This high speed programming mode I is performed at Vqq= 6.0V and 0E/Vpp=12.5V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse with 
pulse width 3 times that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 
with 5V. 

HIGH SPEED PROGRAMMING MODE H 

The program time can be greatly decreased by using this high speed programming mode H. 
This high speed programming mode If is performed at Vqq=6.25V and 0E/Vpp=12.75V, 

The programming is achieved by applying a single TTL low level 0.1ms pulse to the CE 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 
with Vqq=5V. 
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TMM27512AD-17, TMM27512AD-20, TMM27512AD-25 
TMM27512AD-200, TMM27512AD-250 


HIGH SPEED PROGRAMMING MODE I FLOW CHART 



ADDRESS OVERPROGRAM 3X PULSES OF lmsec 

= NEXT ADDRESS OR ONE PULSE OF 3X msec DURATION 
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TMM27512AD-17, TMM27512AD-20, TMM27512A0-25 
TMM27512AD-200, TMM27512AD-2S0 


HIGH SPEED PROGRAMMING MODE I FLOW CHART 
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TMM27512AD-17, TMM27512AD-20, TMM27512AD-25 
TMM27512AD-200, TMM27512AD-250 


ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TMM27512AD which identifies 
its manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TMM27512AD by using this mode before program operation and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vpp in read operation. Data output in this condi¬ 
tions is manufacturer code. Device code is identified when address AO is set to Vjh. 
These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electric signature of TMM27512AD. 



PINS 

AO 

07 

06 

05 

04 

03 

02 

01 

00 

HEX. 

SIGNATURE ' 


(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(ID 

DATA 

Manufacture 

code 

VlL 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device code 

VlH 

0 

0 

0 

1 

0 

1 

0 

1 

15 


Note: A9=12V±0.5V 

A1^A8, A10^A15, CE, 0E=V IL 
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TMM27512AD-17, TMM27512AD-20, TMM27512AD-25 
TMM27512AD-200, TMM27512AD-250 


OUTLINE DRAWINGS 


Unit in mm 




Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of 
their true longitudinal position with respect No.l and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 

TMM27512ADI-20, TMM27512ADI-25 


IoescriptiohI 

The TMM27512ADI is a 65,536 wordsx 8 bits ultraviolet light erasable and electri¬ 
cally programmable read only memory. 

For read operation, the TMM27512ADI’s access time is 200ns/250ns, and the TMM27512ADI 
operates from a single 5-volt power supply and has low power standby mode which re¬ 
duces the power dissipation without increasing access time. The standby mode is 
achieved by applying a TTL-high level signal to the CE input. 

For program operation, the programming is achieved by using the high speed program¬ 
ming mode. The TMM27512ADI is fabricated with the N-channel silicon double layer gate 
MO? technology. 


FEATURES 



-20 -25 

v cc 

5V±10% 

tACC 

200ns | 250ns 

I CC2 

130mA 

I CC1 

40mA 


Full static operation 
High speed programming mode I, H 
Inputs and outputs TTL compatible 
Pin compatible with i27512 
Standard 28 pin DIP cerdip package 


BLCOK DIAGRAM 


Wide operating temperature 
range: -40 ^ 85°C 


Vpp 


GND 

1 


V CC 


PIN CONNECTION | 

1 (TOP VIEW) 

OE c>3— 


- - 


CE 0— 

| CIRCUIT 1 
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COLUMN 

DECODER 


10 


OUTPUT BUFFERS 

. :e:— 


64 


COLUMN I/O 
CIRCUIT 


ROW 

DECODER 


1024 
—V—■ 


MEMORY 1/0 
ARRAY 

65,53 6 x8 bi ts 


[PIN NAMES| 

AO ^ A15 

Address Inputs 

00 ^ 07 

Outputs (Inputs) 

cl 

Chip Enable Input 

OE/Vpp 

Output / Program 
Enable / Supply 
Input/ Voltage 

< 

n 

o 

Power Supply 
Voltage (+5V) 

GND 

Ground 


| MODE SELECTION 


PIN 

MODE ^ 

CE 

(20) 

OE/Vpp 

(22) 

Vcc 

(28) 

00 ^ 07 

(11 'v 13, 15 'u 19) 

POWER 

Read 

L 

mm 


Data Out 



* 

mm 

5V 

High Impedance 


Standby 

m 

* 


High Impedance 

Standby 

Program 

n 


6Vl) 

Data In 



H 

Vpp 

2) 

6.25V 

High Impedance 

Active 

Program Verify 

L 

L 

Data Out 



H or L 


1 ): 

2 ): 


HIGH 

HIGH 


SPEED PROGRAMMING MODE I 
SPEED PROGRAMMING MODE H 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vqq Power Supply Voltage 

-0.6 ^7.0 

V 

V PP 

Program Supply Voltage 

-0.6 *14.0 

V 

VlN 

Input Voltage 

-0.6 *7.0 

V 

v I/0 

Input/Output Voltage 

-0.6 *7.0 

V 

P D 

Power Dissipation 

1.5 

W 

t solder 

Soldering Temperature • Time 

260 * 10 

°C - sec 

t STG 

Storage Temperature 

-65 *125 

°C 

t opr 

Operating Temperature 

-40 *85 

°C 


READ OPERATION 

DC AND AC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TMM27512ADI-20/25 

Ta 

Operating Temperature 

-40 * 85°C 

V CC 

V C £ Power Supply Voltage 

5V±5% 


DC AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ilx 

Input Current 

V IN =0 0 , v cc 

- 

- 

±10 

yA 

X LO 

Output Leakage Current 

V 0UT =0 * 4 ^ V CC 

- 

- 

±10 

pA 

TCCI 

Supply Current (Standby) 

ce=v ih 

- 

- 

40 

mA 

I CC2 

Supply Current (Active) 

ce=v il 

- 

- 

130 

mA 

VlH 

Input High Voltage 

- 

2.2 

- 

Vcc+1.0 

V 

V IL 

Input Low Voltage 

- 

-0.3 

- 

0.8 

V 

V 0H 

Output High Voltage 

Iqjj=-400viA 

2.4 

- 

- 

V 

VOL 

Output Low Voltage 

I OL =2 ' lmA 

- 

- 

0.4 

V 

I PP1 

Vpp Current 

Vpp=Q 'Xj Vqq+O . 6 

- 

- 

±10 

pA 
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AC CHARACTERISTICS 


SYMBOL 

PARAMETER 

TMM27512ADI-20 

TMM27512ADI-25 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

c ACC 

Address Access Time 

- 

200 

- 


ns 


CE to Output Valid 

- 


- 

| 

ns 


OE to Output Valid 

- 

70 

- 


ns 

C DF1 

CE to Output in High-Z 

0 

60 

0 

90 

ns 

C DF2 

OE to Output in High-Z 

0 

60 

0 

90 

ns 

c OH 

Output Data Hold Time 

0 

- 

0 


ns 


AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


CAPACITANCE * (Ta=25°C, f-lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

EBB 

UNIT 

C IN1 

Input Capacitance 

v IN =ov 

- 

wm 


WSM 

C IN2 

OE/Vpp Input Capacitance 

V IN =0V 

- 

MM 


BS3I 

C 0UT 

Output Capacitance 

V 0UT =0V 

- 

8 


■S3 


* This parameter is periodically sampled and is not 100% tested. 


1 TTL Gate and CL=100pF 
10ns Max. 

0.45V^ 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 


TIMING WAVEFORMS (READ) 
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PROGRAM OPERATION (high SPEED PROGRAMMING MODE I) 
DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 


Input High Voltage 

Si 

- 

vcc+i.o 

V 

IBS 

Input Low Voltage 

B!M 

- 

0.8 

V 

ESS 

Vqq Power Supply Voltage 

5.75 

6.0 

6.25 

V 

BUS 

Vpp Power Supply Voltage 

12.0 


13.0 

V 


DC AND OPERATING CHARACTERISTICS (Ta=25±5°C, V CC =6V±0.25V, V PP =12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 


Input Current 

v itr° ^ v cc 

- 

- 


H9 


Output High Voltage 

IoH = ~400yA 

2.4 

- 

- 

mm 

v OL 

Output Low Voltage 

I OL =2 * lmA 

- 

- 


mm 


Vqq Supply Current 

- 

- 

- 

130 



V pp Supply Current 

V pp =13.0V 

- 

- 

50 

■ 


AC PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V C c=6V±0.25V, V PP =12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 



MAX. 

UNIT 

ESSI 

Address Setup Time 


2 

- 


H9 


Address Hold Time 

- 

2 

- 

~ 

nu 


OE/Vpp Setup Time 



- 

- 


om 

OE/Vpp Hold Time 

- 

2 

- 

- 

B9j 

BTB 

OE/Vpp Pulse Rise Time 

- 


- 

- 

| 

SB 

Data Setup Time 

- 

2 

- 

- 

MSM 

B3K 

Data Hold Time 

- 

2 

- 

- 


C VR 

0E/V pp Recovery Time 

- 

2 

- 

- 

■ 1 

fc vcs 

V^q Setup Time 

- 

2 

- 

- 

I 

tpw 

Initial Program Pulse Width 

ce=v il , oi/Vpp=v P p 

0.95 

1.0 


El 

c 0PW 

Overprogram Pulse Width 

Note 1 

2.85 

3.0 

78.75 

ms 

tDV 

Data Valid from CE 

OE/V pp =V IL 

- 

- 

1 

us 

t DF 

CE to Output in High-Z 

OE/V pp =Vxl 

- 

- 

130 

ns 


AC TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 

Note 1: 


1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V'v 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 


The length of the overprogram pulse may vary as a function of the counter 
value X. 
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PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE H) 
DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V IH 

Input High Voltage 

2.2 

- 


V 

oom 


-0.3 

- 

0.8 

V 

fiSH 


6.0 


6.5 

V 



12.5 

12.75 

13.0 

V 


DC AND OPERATING CHARACTERISTICS (Ta=25±5°C, V C c=6.25V±0.25V, V PP =12.75V±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 



ILI 

Input Current 

v IN =r ° ^ V CC 

- 

- 

±10 

yA 

v OH 

Output High Voltage 

i oh = ~ 40 ° ijA 

warn 

- 

- 

V 

v OL 

Output Low Voltage 

I OL =2 - lmA 

- 

- 

0.4 

V 

I CC 

V CC Supply Current 

- 

- 

- 

130 

mA 

X PP2 

Vpp Supply Current 

V pp =13.0V 

- 

- 

50 

mA 


AC PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V CC =6.25V±0.25V, V PP =12.75V±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 




t kS 

Address Setup Time 

- 

2 

- 

- 


C AH 

Address Hold Time 

- 

2 

- 

- 

ys 

c OES 

OE/V PP Setup Time 

- 

2 

- 

- 


t OEH 

OE/Vpp Hold time 

- 

2 

- 

- 

ys 

t PRT 

OE/Vpp Pulse Rise Time 

- 


- 

- 


C DS 

Data Setup Time 

- 

M 

- 

- 


t DH 

Data Hold Time 

- 

ra 

- 

- 


C VR 

OE/Vpp Recovery Time 

- 


- 

- 


C vcs 

Vcc Setup Time 

- 

2 

- 

- 

Ilf® 

C PU 

Program Pulse Width 

CE=v IL , oe/v pp =v pp 

0.095 

0.1 

0.105 

ms 

C DV 

Data Valid from CE 

Ol/ Vpp =V IL 

- 

- 

1 


C DF 

CE to Output in High-Z 

0E/ Vpp =V IL 

- 

- 


um 


AC TEST CONDITIONS 

• Output Load 

* Input Pulse Rise and Fall Times 

* Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl (lOOpF) 

10ns Max. 

0.45V ^2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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TIMING WAVEFORMS (PROGRAM) 

HIGH SPEED PROGRAMMING MODE I (V CC =6V±0.25V, Vpp=12.5V±0.5V) 

HIGH SPEED PROGRAMMING MODE I (Vcc=6.25V±0.25V, Vpp=12.75V+0.25V) 



Note 1. Vcc must be applied simultaneously or before Vpp and cut off 
simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.5±0.5V or Vpp=12.75±0.25V may cause permanent damage to the 
device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, 

the overshoot voltage of its pulse should not be exceeded 14V. 
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ERASURE CHARACTERISTICS 

The TMM27512ADI's erasure is achieved by applying shortwave ultraviolet light which 
has a wavelength of 2537A (Angstroms) to the chip through the transparent window. 

Then integrated dose (ultraviolet light intensity [w/cm 2 ] x exposure time [sec.]) for 
erasure should be a minimum of 15 [w.sec/cra 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a dis¬ 
tance of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [yw/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In this case, the integrated dose is 
12000 [yw/cm 2 ] x (20 x 60) [sec] -15 [w.sec/cm 2 ].) 

The TMM27512ADI's erasure begins to occur when exposed to light with wavelength 
shorter than 4000A. The sunlight and the florescent lamps will include 3000^ 4000A 
wavelength components. Therefore when used under such lighting for extended periods 
of time, the opaque seals -Toshiba EPROM Protect Seal AC901- are available. 


OPERATION INFORMATION 

The TMM27512ADI’s six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 


—"—~___PIN NAMES (NUMBER) 

MODE 

CE 

(20) 

OE/Vpp 

(22) 

v cc 

(28) 

00 -V 07 

(11 'v 13, 15 % 19) 

POWER 

Read Operation 
(Ta=0 % 70°C) 

Read 

L 

L 

5V 

Data Out 

Active 

Output Deselect 


H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program Operation 
(Ta=25±5°C) 

Program 

L 

Vpp 

6vD 

c pc;y2) 

Data In 

Active 

Program Inhibit 

H 

Vpp 

High Impedance 

Program Verify 

L 

L 

D.AJv 

Data Out 


Note: H; Vir, L; Vil, *; Vih or Vil 1); HIGH SPEED PROGRAMMING MODE I 

2); HIGH SPEED PROGRAMMING MODE JL 


READ MODE 

The TMM27512ADI has two control functions. The chip enable (CE) controls the operation 
power and should be used for device selection. 

The output enable (OE) controls the output buffers, independent of device selection. 
Assuming that CE=0 E=Vil, the output data is valid at the outputs after address access 
time from stabilizing of all addresses. 

The CE to output valid (tCE) is equal to the address access time (tACC)* 

Assuming that CE=Vil and all addresses are valid, the output data is valid at the 
outputs after tQE from the falling edge of OE. 
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OUTPUT DESELECT MODE 

Assuming that CE=VpH or OE=Vpfl, the outputs will be in a high impedance state. 

So two or more TMM27512ADI 's can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 

STANDBY MODE 

The TMM27512ADI has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TMM27512ADI is placed in the standby 
mode which reduces 70% of the operating current by applying TTL-high level and 
then the outputs are in a high impedance state, independent of the OE inputs. 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM27512ADI are in the "1" 
state which is erased state. 

Therefore the program operation is to introduce M 0’s" data into the desired bit 
locations by electrically programming. 

The TMM27512ADI is in the programming mode when the OE/Vpp input is at 12,5V or 12.75V 
and CE is at TTL-Low level. 

The TMM27512ADI can be programmed any location at anytime either individually, 
sequentially, or at random. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed on the program¬ 
med bits. 

The verify is accomplished with OE/Vpp at Vjl an d CE at Vp^. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (12.5V or 12.75V) is applied to Vpp 
terminal, a TTL high level CE input inhibits the TMM27512ADI from being programmed. 
Programming of two or more TMM27512ADI ’s in parallel with different data is easily 
accomplished. That is, all inputs except for CE may be commonly connected, and a TTL 
Low level program pulse is applied to the CE of the desired device only and TTL high 
level signal is applied to the other devices. 
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HIGH SPEED PROGRAMMING MODE I 

This high speed programming mode I is performed at Vqq= 6.0V and OE/Vpp=12,5V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse with 
pulse width 3 times that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 
with Vcc=5V. 

HIGH SPEED PROGRAMMING MODE II 

The program time can be greatly decreased by using this high speed programming mode n. 
This high speed programming mode II is performed at Vcc = 6.25V and 0E/Vpp=12.75V. 

The programming is achieved by applying a single TTL low level 0.1ms pulse to the CE 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 
with Vec = 5V. 
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HIGH SPEED PROGRAMMING MODE I FLOW CHART 
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HIGH SPEED PROGRAMMING MODE H FLOW CHART 



9 - 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TMM27512ADI which identifies 
its manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TMM27512ADI by using this mode before programming operation and automatically setting 
program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjl i- n read operation. Data output in this con¬ 
ditions is manufacturer code. Device code is identified when address AO is set to 
V IH . These two codes possess an odd parity with the parity bit of MSB (07) . 

The following table shows electric signature of TMM27512ADI. 


PINS 

AO 

07 

06 

05 

04 

03 

02 

01 

00 

HEX. 

SIGNATURE 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture code 

VlL 

1 

0 

0 

1 

1 

0 

0 

0 

m 

Device code 

VlH 

0 

0 

0 

1 

0 

1 

0 

1 

IB 


Note: A9=12V±0.5V 

A1^A8, A10^A15, Cl, 0E=V IL 
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OUTLINE DRAWINGS 


Unit in mm 




N ote 1 


Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of 
their true longitudinal position xri.th respect No.l and No.28 leads 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA BIOS MEMORY PRODUCTS 

TC57512AD-15, TC57512AD-20 


(descri ption] 

The TC57512AD is a 65,536 word x 8 bit CMOS ultraviolet light erasable and electrically 
programmable read only memory. For read operation, the TC57512AD*s access time is 
150ns/200ns, and the TC57512AD operates from a single 5-volt power supply and has low 
power standby mode which reduces the power dissipation without increasing access time. 
The standby mode is achieved by applying a TTL-high level signal to the CE input. 
Advanced CMOS technology reduces the maximum active current to 30mA/6.7Mllz and standby 
current to lOOpA. For program operation, the programming is achieved by using the high 
speed programming mode. For program operation, the programming is achieved by using 
high speed programming mode. TC57512AD is fabricated with the CMOS technology and the 
N-channel silicon double layer gate MOS technology. 


iFEATURESl 


• Peripheral circuit: CMOS 

Memory cell : N-MOS 

• Fast access time: 

TC57512AD-15 150ns 

TC57512AD-20 200ns 

• Low power dissipation 

Active : 30mA/6.7MHz 
Standby: 100pA 

[PIN CONNECTION! (top VIEW) 


A15E 


28 

3 Vcc 

A1 2 C 

2 

27 

□ A14 

A7C 

3 

26 

3 Al 3 

A6q 

4 

25 

3 A8 

Asq 

5 

24 

3A9 

A4 0 

6 

23 

□ A1 1 

A3 C 

7 

22 

□OE/Vpp 

A2C 

8 

21 

3A10 

A1 C 

9 

20 

3CE 

AO C 

10 

19 

□ 07 

ooc 

11 

18 

□ 06 

01 c 

12 

17 

□ 05 

02C 

13 

16 

□ 04 

ON DC 

14 

15 

□ 03 


|PIN NAMES! 

AO *v A15 

Address Inputs 

00 ^ 07 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE/Vpp 

Output / Program 
Enable / Supply 
Input/ Voltage 

Vcc 

Power Supply 

Voltage (+5V) 

GND 

Ground 


• Full static operation 

• High speed programming mode I, H 

• Inputs and outputs TTL compatible 

• Standard 28 pin DIP cerdip package 

[BLOCK DIAGRAM! 


vpp GND VCC oo 01 02 03 04 05 06 07 



Imode 'selection! 


PIN 

MODE 

CE 

(20) 

OE/Vpp 

(22) 

Vcc 

(28) 

00 ai 07 

(11 a. 13,15 a, 19) 

POWER 

Read 

L 

L 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program 

L 

Vpp 

6 V 1 ) 

2) 

6.25V 

Data In 

Active 

Program Inhibit 

H 

Vpp 

High Impedance 

Program Verify 

L 

L 

Data Out 


*: H or L 1): HIGH SPEED PROGRAMMING MODE I 
2): HIGH SPEED PROGRAMMING MODE H 
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MAXIMUM RATINGS| 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6 7.0 

V 

V PP 

Program Supply Voltage 

-0.6 ^ 14.0 

V 

VlH 

Input Voltage 

-0.6 .0 

V 

V I/0 

Input/Output Voltage 

-0.6% Vcc+0.5 

V 

p D 

Power Dissipation 

1.5 

W 

T SOLDER 

Soldering Temperature • Time 

260 • 10 

°C* sec 

t stg 

Storage Temperature 

-65 ^125 

°C 

t opr 

Operating Temperature 

-40 ^ 85 

°C 


I READ OPERATION| 

D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TC57512AD-15/TC57512AD-20 

Ta 

Operating Temperature 

-40 ~ 85°C 

V CC 

V CC Power Supply Voltage 

5V±5% 


D.C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

V IN =0 % V C c 

- 

_ 

±10 

pA 

r LO 

Output Leakage Current 

V 0UT =0 ‘ 4 % V CC 

- 

H 

±10 

pA 

r CC01 

Operating Current 

CE=0V 

•^-out'^a 

f-6.7MHz 

- 

MM 

30 

mA 

r CC02 

f-lMHz 

- 


10 

Pccsi 

Standby Current 

ce=v ih 

- 

B 

1 

mA 

X CCS2 

CE=V cc -°.2v 


- 

100 

pA 

VlH 

Input High Voltage 

- 

2.2 

- 

Vcc+0.3 

V 

VlL 

Output Low Voltage 

- 

-0.3 

- 

0.8 

V 

V OH 

Output High Voltage 

I OH=-400 t j A 

2.4 

- 

- 

V 

o 

> 

Output Low Voltage 

Iql = 2.1mA 

- 

- 

0.4 

V 

Pppi 

Vpp Current 

Vpp—0 % Vcc^O • ^ 

- 

- 

±10 

m a 
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A.C. CHARACTERISTICS 


SYMBOL 

PARAMETER 

TEST CONDITION 

TC57512AD-15 

TC57512AD-20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 


Address Access Time 

ce=oe=v il 

- 

MEM 

- 

MEM 

KHl 


CE to Output Valid 

oe=vil 

- 


- 

MEM 

I 

t OE 

OE to Output Valid 

C1=Vil 

- 

70 

- 

70 


C DF1 

CE to Output in High-Z 

i ■ 

0 

60 

0 


ns 

t DF2 

OE to Output in High-Z 

MSSm 

0 

60 

0 

S3 

■a 

ton 

Output Data Hold Time 

ce=oe=v il 

0 

- 

0 

- 

B9 


A.C. TEST CONDITIONS 

• Output Load : 

• Input Pulse Rise and Fall Times : 

• Input Pulse Levels : 

• Timing Measurement Reference Level: 


1 TTL Gate and Cp^lOOpF 
10ns Max. 

0.45V 'v* 2.4V 

Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 


CAPACITANCE *(Ta=25°C, f-lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C IN1 

Input Capacitance 

Vx N =0V 

- 

4 

6 

P F 

C IN2 

51/Vpp Input Capacitance 

V IN =0V 

- 


60 



Output Capacitance 

Vqut^OV 

- 

8 

12 

PF 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS 
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I HIGH SPEED PROGRAM MODE I| 

DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

n 

Input High Voltage 

2.2 

- 

Vcc+1.0 

V 

ebh 

Input Low Voltage 

-0.3 

- 

0.8 

V 

■ 

Vqq Power Supply Voltage 

5.75 

6.0 

6.25 

V 


Vpp Power Supply Voltage 

12.0 


13.0 

V 


DC and OPERATING CHARACTERISTICS (Ta=25i5°C, V cc =6Vi0.25V > Vp P =12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 


TYP. 


UNIT 

I LI 

Input Current 

v IN =o % v cc 

- 

- 


pA 

V 0H 

Output High Voltage 

I O h = -^D0mA 

2.4 

- 

- 

V 

V 0 L 

Output Low Voltage 

I 0L =2.1mA 

mm 

- 

0.4 

V 

T cc 

V C c Supply Current 

- 


- 

30 

mA 

T PP2 

Vpp Supply Current 

V pp =13.0V 

■tHI 

- 

50 

mA 


AC PROGRAMMING CHARACTERISTICS (Ta=25±5°C, Vcc^VAO^SV, Vpp~12.5VtO.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

- 

- 

ps 

C AH 

Address Hold Time 

- 

2 

- 

- 

ps 

tOES 

OE/Vpp Setup Time 

- 

2 

■ 

- 

ps 

t OEH 

OE/Vpp Hold Time 

- 

2 

■ 

- 

ps 

tpRT 

OE/Vpp Pulse Rise Time 

- 

50 

■ 

- 

ns 

t DS 

Data Setup Time 

- 

2 

m 

- 

ps 

1 DH 

Data Hold Time 

- 

2 


- 

ps 

tVR 

OE/Vpp Recovery Time 

- 

2 

- 

- 

flEEl 

tvcs 

Vcc Setup Time 

- 

2 

.. 

- 

m 

tpw 

Initial Program Pulse Width 

CE-Vjk, 0E/Vpp=Vpp 

0.95 

1.0 

1.05 

msm 

tOPW 

Overprogram Pulse Width 

Note 1 

2.85 

3.0 

78.75 

ms 

tDV 

Data Valid from CE 

6e/V PP =Vil 

- 

- 

1 

ps 

t DF 

CE to Output in High-Z 

0E/Vpp=V IL 

- 

- 

130 

ns 


AC TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V ^ 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 


Note Is The length of the overprogram pulse may vary as a function of the counter 
value X. 
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|HIGH SPEED PROGRAM MODE H| 

DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 


V 

V IL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

v cc 

Vqq Power Supply Voltage 

eeh 

6.25 

6.5 

V 

Vpp 

Vpp Power Supply Voltage 

ESI 

12.75 


V 


DC and OPERATING CHARACTERISTICS (Ta=25±5°C, V C c=6.25V±0.25V, V PP =12.75V±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

V IN =0 o, V cc 

- 

- 

±10 

PA 

v OH 

Output High Voltage 

I OH =-400pA 

mm 

- 

- 

V 

v OL 

Output Low Voltage 

I 0 L=2.1mA 

- 

- 

0.4 

V 

!CC 

V cc Supply Current 

- 

warn 

mm 

30 

mA 

I PP2 

Vpp Supply Current 

V pp =13.0V 

E 

mm 

50 

mA 


AC PROGRAMMING CHARACTERISTICS (Ta=25+5°C, V CC =6.25V±0.25V, V PP =12.75V±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

c AS 

Address Setup Time 

- 

2 

- 

- 

ys 

tAH 

Address Hold Time 

- 

2 

- 

- 

y s 

*-0ES 

OE/Vpp Setup Time 

- 

2 

- 

- 


t OEH 

OE/Vpp Hold Time 

- 

2 

- 

mm 

ys 

t PRI 

OE/Vpp Pulse Rise Time 

■■■■■■■■I 

50 

- 

E3 

ns 

fc DS 

Data Setup Time 


2 

- 

mm 

ys 

t DH 

Data Hold Time 

- 


- 

mm 


tVR 

OE/Vpp Recovery Time 

- 


- 

mm 


| 

Vcc Setup Time 

- 

2 

- 

- 


B33H 

Program Pulse Width 

Cl=V IL , 0E/V PP =V PP 


0.1 

0.105 

ms 

tDV 

Data Valid from CE 

0E/Vpp=ViL 

- 

- 

1 

ys 

t DF 

ClT to Output in High-Z 

oe/v pp =v il 

- 

- 


ns 


AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl (lOOpF) 

10ns Max. 

0.45V ^2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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TIMING WAVEFORMS (PROGRAM) 


HIGH SPEED PROGRAMMING MODE I (V CC =6V±0.25V, V PP =12.5V±0.5V) 

HIGH SPEED PROGRAMMING MODE 31 (V CC =6.25V±0.25V, V pp =12.75V±0.25V) 



Note 1. Vqq must be applied simultaneously or before Vpp and cut off 
simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.5±0.5V or Vpp=12.75±0.25V may cause permanent damage to the 
device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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[ERASURE CHARACTERISTICS! 

The TC57512AD's erasure is achieved by applying shortwave ultraviolet light which has 

o 

a wavelength of 2537A (Angstroms) to the chip through the transparent window. Then 
intergrated does (ultraviolet light intensity [w/cm 2 ]x exposure time [sec.]) for 
erasure should be a minimum of 15 [w*sec/cm 2 ], When the Toshiba sterilizing lamp 
GL-15 is used and the device is exposed at a distance of 1cm from the lamp surface, 
the erasure will be achieved within 60 minutes. And using commercial lamps whose 
ultraviolet light intensity is a 12000 [pw/cm 2 ] will reduce the exposure time to about 
20 minutes. (In this case, the integrated does is 12000 [pw/cm 2 ] x (20x60) [sec] s 15 
[w-sec/cm 2 ].) The TC57512AD's erasure begins to occur when exposed to light with 
wavelength shorter than 4000A. The sunlight and the flourescent lamps will include 

o 

3000 'v 4000A wavelength components. Therefore when used under such lighting for ex¬ 
tended periods of time, the opaque seals-Toshiba EPROM Protect Seal AC901-are available. 


(operation information! 


The TC57512AD's six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 


—-PIN NAMES (NUMBER) 

MODE '— -________ 


OE 

(22) 

Vpp 

(1) 

v cc 

(28) 

00 n* 07 

(11^13, 15 ^19) 

POWER 

Read Operation 

(Ta«-40 ^ 85°C ) 

Read 

m 

L 



Data Out 

Active 

Output Deselect 

S 


5V 

5V 

High Impedance 

Standby 

m 

* 



High Impedance 

Standby 

Program Operation 

(Ta=25±5°C) 

Program 

L 


1) 

12.5V 

mm 

Data In 


Program Inhibit 

H 


High Impedance 

Active 

Program Verify 

* 


12,75V 2 ) 

Data Out 



Note: H; V IH , L; V IL , *; 


V IH or V IL. 


1) ; 

2 ) ; 


HIGH SPEED PROGRAM MODE I 
HIGH SPEED PROGRAM MODE II 


[read mode] 

The TC57512AD has two control functions. The chip enable (CE) controls the operation 
power and should be used for device selection. The output enable (OE) control the 
output buffers, independent of device selection. Assuming that CE=0 E=Vj L i the output 
data is valid at the outputs after address access time from stabilizing of all ad¬ 
dresses. The CE to output valid (t^g) is equal to the address access time (t^^). 
Assuming that CE^Vjg and all addresses are valid, the output data is valid at the 
outputs after tQE from the falling edge of 0E. 
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lOUTPUT DESELECT MODEI 

Assuming that CE=Vj H or OE^V^, the outputs will be in a high impedance state. So two 
or more TC57512AD's can be connected together on a common bus line. When CE is decode 
for device selection, all deselected devices are in low power standby mode. 

ISTANDBY MODEl 

The TC57512AD has a low power standby mode controlled by the CE signal. By applying 
a high level to the CE input, the TC57512AD is placed in the standby mode which re¬ 
duce the operating current to 100pA by applying MOS-high level (V^c) and then the 
outputs are in a high impedance state, independent of the OE inputs. 

[PROGRAM MODE] 

Initially, when received by customers, all bits of the TC57512AD are in the "1" state 
which is erased state. Therefore the program operation is to introduce "O's" data 
into the desired bit locations by electrically programming. The TC57512AD is in the 
programming mode when the OE/Vpp input is at 12.5V or 12.75V and CE is at TTL-Low 
level. The TC57512AD can be programmed any location at any time either individually, 
sequentially, or at random. 

Iprogram verify modeI 

The verify mode is to check that desired data is correctly programmed on the pro¬ 
grammed bits. The verify is accomplished with OE/Vpp at Vjl and CF at Vjl» 

[PROGRAM INHIBIT MODEl 

Under the condition that the program voltage (+12.5V or +12.75V) is applied to Vpp 
terminal, a high level CE input inhibits the TC57512AD from being programmed. 
Programming of two or more TC57512AD’s in parallel with different data is easily ac¬ 
complished. That is, all inputs except for CE may be commonly connected, and a TTL 
low level program pulse is applied to the CE of the desired device only and TTL high 
level signal is applied to the other devices. 
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|HIGH SPEED PROGRAM MODE l| 

This high speed programming mode I is performed at Vcc= s 6.0V and OE/Vpp=12.5V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse with 
pulse width 3 times that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 
with V CC =5V. 


Ihigh speed program mode n 1 

The program time can be greatly decreased by using this high speed programming mode 
H. This high speed programming mode TL is performed at Vcc-6.25V and 0E/Vpp=12.75V, 
The programming is achieved by applying a single TTL low level 0.1ms pulse to the CE 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 
with V CC =5V. 
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ADDRESS OVERPROGRAM 3X PULSES OF 1msec 

-NEXT ADDRESS OR ONE PULSE OF 3X msec DURATION 



— H-92 - 













[high speed program mode n| 

FLOW CHART 



ADDRESS 
=NEXT ADDRESS 


NO 


TC57512A0-15, TC57512AD-20 


( start) 

_zr_ 


Vcc = 6.25 ± 0.25 V 

V FP = 12.75 ±0.25 V 



_Z3 

[yes 

< 

o 

o 

li 

: 5.0 V 




NG 


J1EAD ALL BYTES_ 
OK 

( PASS ) 
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( FAIL ) 
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Ielectric signature mode] 

Electric signature mode allows to read out a code from TC57512AD which identifies 
its manufacturer and device type. 

The programming equipment may reads out manufacturer code and device code from 
TC57512AD by using this mode before program operation and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjp, in read operation. Data output in this con¬ 
ditions is manufacturer code. Device code is identified when address AO is set to 
Vih. These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electric signature of TC57512AD. 


PINS 

AO 



05 

04 

03 

02 

01 

00 

HEX. 

S IGNATLIRiT''\^ 

(10) 



(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 

VlL 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

Vih 

1 

0 

0 

0 

0 

1 

0 

1 

85 


Notes: A9-12V10.5V 

A1^A8, A10 'V' A15, CE, 0E=V IL 
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Note 2 


Note 1. Each lead pitch is 2.54mm. 

All leads are located within 0.25mm of their true longitudinal position 
with respect No.l and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA BIOS MEMORY PRODUCTS 


TCS710OOD-15, -20, -200, -25 
TC5710010-15,-20,-200,-25 

IDESCRIPTIONl 

The TC571000D/TC571001D is a 131,072 word x 8 bit CMOS ultraviolet light erasable 
and electrically programmable read only memory. 

The TC571000D is JEDEC standard pin configuration and the TC571001D is compatible with 
28 pin 1M bit Mask ROM. Both products are packed in 32 pin standard cerdip package. 


TC571000D/TC571001D is fabricated with the CMOS technology. Advanced circuit tech¬ 
niques provide both high speed and low power features with a maximum operating current 
of 30mA/6.7MHz and access time of 150ns/200ns/250ns. 

The programming times of the TC571000D/TC571001D except overhead times of EPROM pro¬ 
grammer is only 14 seconds by using the high speed programming algorithm. 


IFEATURESl 

• Peripheral circuit: CMOS 
Memory cell : N-MOS 


• Access Time 



-15 | -20 | -25 

-200 

Vcc 

5V±5% 

5V±10% 

Temp 

0v70°C 

-40^ S5°C 

0 v 70°C 

tACC 

150ns 

200ns 250ns 

200ns 


• Low power dissipation 

Active : 30mA/6.7MEz 
Standby: 100pA(Ta»85°C) 


• Single 5V power supply 

• Full static operation 

• High speed programming operation: tpy 0.1ms 

• Input and output TTL compatible 

• JEDEC standard 32 pin: TC571000D 

• 1M MROM compatible : TC571001D 

• Standard 32 pin DIP cerdip package 


I PIN CONNECTION] (TOP VIEW) 


Ypp C 1 
A16C 2 
A15 [ 3 
A12[ 4 
A7[ 5 

A6[ 6 
A5t 7 
A4 [ 8 
A3 [ 9 
A2E 10 
A 1 C 11 
AOt 12 
DO I 13 
DIE 14 
D2E 15 
GND[ 16 


32 3VCC 
31 3 PGM 
30 3 NC 
29 3 A1 4 
28 3 A13 
27 3 A8 
26 3 A9 
25 3 All 
24 3 OE 
23 3 A10 
22 3 CT 
21 3D7 
20 3 D6 
193 Do 
18 3 D4 
173 D3 


VPP [ 

<TE [ 

Al 5 [ 
Al 
A 7 [ 
A6 [ 
A5 C 
A4 C 8 
A3 C 
A2C 
Al C 
AO C 
DO C 
D1 [ 

D 

GND ij 


9 

10 
11 
12 

13 

14 

q is 
16 


32 1 VCC 
31 3 PGM 
30 3 NC 
29 3 Al 4 
28 1A13 
27 3 A8 
26 3A9 
25 3 All 
24 3 A16 
23 3A10 
22 3 CF 
21 3D7 
20 3 D6 
19 3 D5 
18 3 D4 
17 3 D3 


TC571000D 


TC571001D 


(Reference) 


Al 5 [ 1 
Al2 [ 2 
A7£ 3 
A6 [ 4 
A5[ 5 
A4 [ 6 
A31 7 
A2[ 8 
All 9 
A0[ 10 
DOC 11 
Dlt 12 
D2E 13 
GND I 14 


28 ] VCC' 
27 J Al 4 
26 1 Al 3 
25 1A8 
24 3 A9 
23 JA1 1 
22 3A16 
21 3 Al 0 
20 3 CE 
19 |l D7 
18(1 D6 
17 3 D5 
16 3D4 
15 3D3 


.1M Mask ROM. 
' TC531000P ' 


Ipin NAMESl 


A0 ^ A16 

Address Inputs 

DO %D7 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE 

Output Enable 

Input 

PGM 

Program Control 
Input 

Vcc 

Vcc Supply Voltage 

vpp 

Program Supply 
Voltage 

GND 

Ground 

NC 

No Connection 
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TC571001D-15, -20, -200, -25 


I BLOCK DIAGRAM] 


Vpp GND V cc 00 01 02 03 04 05 06 07 



MODE SELECTI ONI 


[flfi&SKE&H 

BSSHBSBSI 

PGM 

CE 

OE 

Vpp 

v cc 

00 ^ 07 

POWER 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

* 

H 

High Impedance 

Standby 

* 

H 

* 

High Impedance 

Standby 

Program 

L 

L 

H 1 


6.25V 

Data In 

Active 

Program Inhibit 

* 

H 

* 

High Impedance 

H 

L 

H 

High Impedance 

Program Verify 

E 

L 

L 

Data Out 


*: H or L 


[MAXIMUM RATINGS! 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vqq Power Supply Voltage 

-0.6 * 7.0 

V 

Vpp 

Program Supply Voltage 

-0.6 ^ 14.0 

V 

V IN 

Input Voltage 

-0.6''' 7.0 

V 

Vl/O 

Input/Output Voltage 

-0.6 % VccrK).5 

V 

Pd 

Power Dissipation 

1.5 

w 

t solder 

Soldering Temperature Time 

260 • 10 

°C • sec 

t strg 

Storage Temperature 

-65% 125 

°C 

t opr 

Operating Temperature 

-40 % 85 

°C 
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TC571001D-15, -20, -200, -25 


IREAD OPERATIONl 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TC571 000D/1001D- 15,-20,-25 

TC571000D/100 ID-200 

UNIT 

MIN. 

TYP. 

MAX. 

MIN. 

TYP. 

MAX. 

VlH 

Input High Voltage 

2.2 

- 

Vcc+0.3 

2.2 

- 

Vcc+O- 3 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

-0.3 

- 

0.8 

v C c 

V CC Power Supply Voltage 

4.75 

5.00 

5.25 

4.50 

5.00 

5.50 

v PP 

VpP Power Supply Voltage 

V cc -0.6 

v cc 

Vcc+0-6 

Vcc-0.6 

v cc 

Vcc+O.6 


D.C. AND OPERATING CHARACTERISTICS (Ta—40 ^ S5°C) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

V IN~0 'v, Vcc 

- 

- 

±10 

PA 

Iccoi 

Operating Current 

CE=0V 

I OUT =0mA 

f=6.7MHz 

- 

- 

30 

mA 

I CC02 

f = lMHz 

- 

- 

10 

I CCS1 

Standby Current 

CE=Vih 

- 

- 

1 


1 CCS2 


- 

- 

100 


v OH 

Output High Voltage 

Iq|]--400uA 

2.4 

- 

- 

V 

v OL 

Output Low Voltage 

I OL =2 * lmA 

- 

- 

0.4 

V 

IPPI 

V PP Current 

^PP^CC-O • 6V 

- 

- 

=10 

pA 

ILO 

Output Leakage Current 

Vqut* 0 * 4 V ^ Vcc 

- 

- 

10 

uA 


Ta=0-v70°C for TC571000D/TC571001D-15 , -200 


A.C. CHARACTERSITICS (Ta=-40^85°C, Vp?= v CC±0.6V'> 


SYMBOL 

PARAMETER 

TC5710 00D,/100 ID 
-1 5 

TC571000D/1001D 

-20,-200 

TC571000D/100ID 
-25 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 


c ACC 

Address Access Time 

- 

150 

- 


- 



tCE 

EE to Output Valid 

- 

150 


200 

- 

250 


tOE 

OE to Output Valid 

- 

70 

- 

70 

- 

100 


tpGM 

PGM to Output Valid 

- 

70 

- 

70 

- 

100 


*DF1 

CE to Output in High-Z 

0 

60 

0 

60 

0 

90 


C DF2 

OE to Output in High-Z 

0 

60 

0 

60 

0 

90 


t DF3 

PGM to Output in High-Z 

0 

60 

0 

60 

0 

90 


c OH 

Output Data Hold Time 

0 

- 

0 

- 

0 

- 



Ta-0-v70°C for TC571000D/TC571001D-15 ,-200 


A.C. TEST CONDITIONS 

• Output Load : 

• Input Pulse Rise and Fall Time : 

• Input Pulse Levels : 

• Timing Measurement Reference Level: 


1 TTL Gate and Cj^lOOpF 
10ns Max. 

0.45V 5o 2.4V 

Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V 
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TC571000D-15, -20, -200, -25 
TC571001D-15, -20, -200, -25 


CAPACITANCE* (Ta=25°C, f-lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

C IN 

Input Capacitance 

v IN=0V 

_ 

4 

COUT 

Output Capacitance 

VOUT=OV 


10 


* This parameter is periodically sampled is not 100% tested 


TIMING WAVEFORMS (READ) 















TC571000D-15, -20, -200, -25 
TC571001D-15, -20, -200, -25 


I HIGH SPEED PROGRAM OPERATION! 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 

Vcc+1-0 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

v cc 

Vcc Power Supply Voltage 

6.00 

6.23 

6.50 

V PP 

Vpp Power Supply Voltage 

12.30 

12.75 

13.00 


D.C. AND OPERATING CHARACTERISTICS (Ta»25±5°C, VCQ6.25±0.25V, VPP«12.75±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

ES53EGKHH 

- 

- 

±10 

U A 

v OH 

Output High Voltage 

Ioh”~400uA 

mm 

- 

- 

V 

v OL 

Output Low Voltage 

Iql* 2.1mA 

- 

- 

0.4 

V 

I CC 

v cc Supply Current 

- 

- 

- 

30 

mA 

I PP2 

Vpp Supply Current 

Vpp-13.0V 

- 

- 

50 

mA 

V ID 

A9 Auto Select Voltage 

- 

11.5 

12.0 

12.5 

V 


A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V C c=6.25±0.25V, V PP =i2.75±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

*AS 

Address Setup Time 

- 

2 

- 

- 

us 

t AH 

Address Hold Time 

- 

2 

- 

- 

us 

c CES 

CE Setup Time 

- 

2 

- 

- 

US 

tCEH 

CE Hold Time 

- 

2 

- 

- 

us 

C DS 

Data Setup Time 

- 

2 

- 

- 

us 

t DH 

Data Hold Time 

- 

2 ! 

- 

! 

us 

t VS 

Vpp Setup Time 

- 

2 

- 

- 

US 

C PW 

Program Pulse Width 

- 


0.1 


ms 

t OE 

OE to Output Valid 

- 

- 

- 

100 

ns 

t DF2 

OE to Output in High-Z 

CE= V IL 

- 

- 

90 

ns 


A.C. TEST CONDITIONS 

• Output Load : 

• Input Pulse Rise and Fall Time : 

• Input Pulse Levels : 

• Timing Measurement Reference Level: 


1 TTL Gate and Ci/lOOpF) 

10ns Max. 

0.45V and 2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 


- H-101 - 



























































TC571000D-15, -20, -200, -25 
TC5710010-15, -20, -200, -25 


HIGH SPEED PROGRAM OPERATION 

TIMING CHART 



Note: 1. Vqq must be applied simultaneously or before Vpp and cut off simul¬ 
taneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp-12.75V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, 
so the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 






TCS710000-15, -20, -200, -25 
TC5710010-15, -20, -200, -25 


I ERASURE CHARACTERISTICS! 

The TC571000D/TC571001D’s erasure is achieved by applying shortwave ultraviolet 
light which has a wavelength of 2537A (Angstroms) to the chip through the trans¬ 
parent window. Then integrated dose (Ultraviolet light intensity [W/cm 2 ] * exposure 
time [sec.]) for erasure should be a minimum of 15 [W • sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a dis¬ 
tance of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [yW/cm 2 ] 
will reduce the exposure time to about 20 minutes. (In this case, the integrated 
dose is 12000 [yW/cm 2 ] x (10x 60) [sec] = 15 [W • sec/cm 2 ].) 

The TC571000D/TC571001D’s erasure begins to occur when exposed to light with 
wavelength shorter then 4000A. The sunlight and the flourescent lamps will include 
3000^ 40001 wavelength components. Therefore when used under such lighting for 
extended periods of time, the opeque seals - Toshiba EPROM Protect Seal AC901 - 
are available. 


OPERATION INFORMATION 1 

The TC571000D/TC571001D’s six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



PGM 

CE 

u 



00 ^ 07 

POWER 

READ 

OPERATION 

(Ta=-40^85°C) 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 


E 

High Impedance 

Standby 

* 

H 

* 

High Impedance 

Standby 

PROGRAM 

OPERATION 

(Ta=25±5 c C) 

Program 

L 

L 

H 

12.75V 

6.25V 

Data In 

Active 

Program Inhibit 

* 

H 

* 

High Impedance 

H 

L 

H 

High Impedance 

Program Verify 

H 

L 

L 

Data Out 


Note: H; V IR , L; V IL , *$ V IH or V IL 
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TC571OOOD-15. -20, -200, -25 
TC5710010-15, -20, -200, -25 


IREAD MODE] 

The TC571000D/TC571001D has three control functions. The chip enable (CE) controls 
the operation power and should be used for device selection. 

The output enable (OE) and the program control (PGM) control the output buffers, 
independent of device selection. 

Assuming in that CE=OE=ViL and PGM=Vjh» the output data is valid at the output after 
address access time from stabilizing of all addresses. 

The CE to output valid (t^g) is equal to the address access time • 

Assuming that CE-V IL> PGM=V^ and all addresses are valid, the output data is valid 
at the outputs after tQ£ from the falling edge of OE. 

And assuming that CE=OE=Vjl and all addresses are valid, the output data is valid 
at the outputs after tpQ^ from the rising edge of PGM. 


OUTPUT DESELECT MODE| 

Assuming that CE=Vjp or OE=Vjp, the outputs will be in a high impedance state. 

So two ormore ROMs can be connected together on a common bus line. 

When ClT is decoded for device selection, all deselected devices are in low power 
standby mode. 


[STANDBY MODE! 

The TC571000D/TC571001D has a low power standby mode controlled by the CF signal. 

By applying a high level to the CE input, the TC571000D/TC571001D is placed in the 
standby mode which reduce the operating current to lOOpA by applying MOS-high level 
(V cc ) an d then the outputs are in a high impedance state, independent of the OE inputs. 


I PROGRAM MODE] 

Initially, when received by customers, all bits of the TC571000D/TC571001D are in the 
"1" state which is erased state. 

Therefore the program operation is to introduce "O's" data into the desired bit 
locations by electrically programming. 

The levels required for all inputs are TTL. The TC571000D/TC571001D can be programmed 
any location at anytime-either individually, sequentially, or at random. 
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TC571000D-15. -20.-200, -25 
TC571001D-15, -20, -200, -25 


I PROGRAM VERIFY MODE I 

The verify mode is to check that the desired data is correctly programmed on the 
programmed bits. 

The verify is accomplished with OE and CE at Vjl and PGM at Vjh- 


[program inhibit mode] 

Under the condition that the program voltage (+12.75V) is applied to Vpp terminal, 
a high level CE or PGM input inhibits the TC571000D/TC571001D from being programmed. 
Programming of two or more EPROMs in parallel with different data is easily ac¬ 
complished. That is, all inputs except for CE or PGM may be commonly connected, 
and a TTL low level program pulse is applied to the CE and PGM of the desired device 
only and TTL high level signal is applied to the other devices. 


[HIGH SPEED PROGRAM OPERATION! 

The device is set up in the high speed programming mode when the programming voltage 
(+12.75V) is applied to the Vpp terminal with Vqq= 6.25V and PGM=Vp^. 

The programming is achieved by applying a single TTL low level 0.1ms pulse the PGM 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 
then programmed data is verified. This should be repeated until the program operates 
correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 
with Vcc=Vpp=5V. 
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TC571000D-15. -20, -200, -25 
TC571001D-15, -20, -200, -25 


HIGH SPEED PROGRAM OPERATION 
FLOW CHART 
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TC5710000-15, -20, -200, -25 
TC5710010-15, -20, -2Q0, -25 


[ELECTRIC SIGNATURE MODE] 

Electric signature mode allows to read out a code from TC571000D/TC571001D which 
identifies it’s manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TC57100QD/TC571001D by using this mode before program operation and automatically 
set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to VpL in read operation. Data output in this con¬ 
ditions is manufacturer code. Device code is identified when address A0 is set to 
V IH . These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electric signature of TC571000D/TC571001D. 


Manufacture Code 

Vil 

1 



0 

0 

FT 

1 

— 

0 

0 

0 

HEX. 

DATA 

98 

Device Code 

TC571000D 

VlH 

1 

0 

0 1 

0 

0 

1 

Hi 

0 

86 

TC571001D 

0 

0 

0 



1 

l 

KB 

07 


Notes: A9=12V±0.5V 

A1^A8, A10^A16, CE, 0E=VIL 
PGM=Vih 
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TC571OOOD-15. -20, -200, -25 
TC571001D-15, -20, -200, -25 


IQUTLIHE DRAMiNGSl 

Unit in mm 


32 17 



in 

© 

-H 

in 

in 




Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of 
their true longitudinal position with respect No.l and No.32 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC571024D-15, TC571024D-20, TC571024D-200 


[description] 

The TC571024D is a 65,536 word x16 bit CMOS ultraviolet light erasable and 
electrically programmable read only memory. 

The TC571024D is JEDEC standard pin configuration. This product is packed in 40 pin 
standard cerdip package. 

TC571024D is fabricated with the CMOS technology. Advanced circuit techniques pro- 
vide both high speed and lowpower features with a maximum operating current of 40mA/ 
6.7MHz and access time of 150ns/200ne. 

The programming times of the TC571024D except overhead times of EPROM programmer 
is only 7 seconds by using the high speed programming algorithm. 


FEATURES 

• Peripheral circuit: CMOS 


Memory cell : N-MOS 

• Fast access time 



TC571024D-15 

TC571024D-20 

TC571024D-200 

Ta 

0^ 70°C 

-40^85°C 1 

< 

o 

o 

5V±5% 1 

5V±10% 

c ACC 

150ns 

200ns 


IP IN CONNECTION 1 (TOP VIEW) 


Low power dissipation 

Active : 40mA/6.7MHz 
Standby: lOOyA 

Single 5V power supply 
Full static operation 
High speed programming operation: 
tpy 0.1ms 

Input and output TTL compatible 
JEDEC standard 40 pin: TC571024D 
Standard 40 pin DIP cerdip package 


6 


v??c 
CE E 
D15 E 
D14 C 
D13 C 
DI2 C 
Dll C 
DID C 
D9 C 
D8 C 

v ssEjii 

D7 
D6 


12 
13 

D5 Cjl4 
D4 C 15 
D3 E 16 
D2 E 17 
D1 E 18 
DO El9 
OE E 20 


10 


40 JVqq 
39 3T5M 
38 3N.C. 
37 3A15 
35 JA14 
35 DA13 
34UA12 
33DA11 
32DA10 
31 DA9 
30D V S3 
29^A8 
28DA7 
27 IJA6 
26 3A5 

25 JA4 

24DA3 
23 UA2 
22 DAI 
21 DAO 


[PIN TWIESl 


A0 ^ A15 

Address Inputs 

DO ^ D15 

Outputs (Inputs) 

CE 

Chip Enable Input 

0E 

Output Enable Input 

PGM 

Program Control Input 

V CC 

VCC Supply Voltage 

v PP 

Program Supply Voltage 

v S s 

Ground 

N.C. 

No Connection 
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TC571024D-15, TC571024D-20, TC571024D-200 


BLOCK DIAGRAM] 


OE ( 
CE < 
M < 


AO C 
A1 0 
A2 C 
A3 C 
A4 0 
A 5 0 
A 6 C 
A 7 C 
A8 C 
A9 C 
AlOC 
All C 
A12C 
A13C 
A14C 
A150-1 


Vpp GND V cc 

y i r 


3S CE PGM 
CIRCUIT 


Oo °1 Og 03 0 4 0 5 0 6 07 Ob Og O10 O12 °12 0 13 0 14 0 15 

LLLIXLLLLLLmii 


OUTPUT BUFFERS 


6 

COLUMN 

54 

COLUMN 

I/O 

CIRCUIT 


DECODER 











' 



1024 

MEMORY 

C^LL 

ARRAY 

10 

ROW 





DECODER 


65536 

X 16 

bi'cs 


jMODE SELECTION 1 


KBBHjgl 

B 

OE 

_ 

PGM 

Vpp 

V'CC 

DO 'v d 15 

POWER 

Read 

L 

B 

H 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 


* 

High Impedance 

Standby 


* 

* 

High Impedance 

Standby 

Program 

L 

* 

EH 


6.25V 

Data In 

Active 

Program Inhibit 

H 

* 

* 

High Impedance 

L 

H 

H 

Program Verify 

L 

L 

H 

Data Out 


* H or L 


I MAXIMUM RATINGS I 


SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

Vcc Power Supply Voltage 

-0.6 * 7.0 

V 

Vpp 

Program Supply Voltage 

-0.6 * 14.0 

V 

VlN 

Input Voltage 

- 0.6 'v, 7.0 

V 

V IN (A9) 

Input Voltage (A9) 

-0.6 % 13.5 

V 

Vl/O 

Input/Output Voltage 

-0.6 ^ Vcc+0.5 

V 

P D 

Power Dissipation 

1.5 

w 

T SOLDER 

Soldering Temperature Time 

260 • 10 

°C* sec 

t strg 

Storage Temperature 

-65 * 125 

°c 

. 1m _ 

Operating Temperature 

-40 * 85 

°c 
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TC571024D-15, TC571024D-20, TC571024D-200 


[READ OPERATION! 

AC/DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TC571024D-15 

TC571024D-20 

TC571024D-200 

Ta 

Ambient Temperature 

0^7 0°C 

-40^85°C 

v cc 

Vqq Power Supply Voltage 

5V±5% 

5V±10Z 

Vpp 

Vpp Power Supply Voltage 

VCC”0 .6V ^ Vcc + 0.6V 

V CC -0.6V^ V CC +0.6V 


D.C. snd OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

X LI. 

Input Current 

V IR =0 -v V cc 

- 

- 

±10 

pA 

I CC01 

Operating Current 

CE=0V 

t cycle“ X -^ ns 

- 

- 

40 

mA 

I CC02 

lQUT =C)raA 

t cycle s=x l j s 

- 

- 

20 

I CCS1 

Standby Current 

ce=Vih 

- 


1 

mA 

I CCS2 

CE=V cc - 0 - 2v 

- 

- 

100 


V IE 

Input High Voltage 

- 

2.2 

- 

V CC +0 * 3 

V 

' IL 

Input Low Voltage 

- 

- 0.3 

- 

1 0.8 j 

V 

V 0H 

Output High Voltage 

Iqx^-- 400pA 

2.4 1 


i 

V 

v_ 

Output Low Voltage 

I 0L =2-lmA 

~ i 

- 

0.4 

V 

Ip?l 

V PP Current 

V PP“ V CC ±0 

6 V 

- 

- 

±10 

PA 

X L0 

| Output Leakage Current 

V OUT“°‘ 4V ^ V CC 

- 

- 

±10 

szs 


A.C. CHARACTERISTICS (Vpp=Vcc± 0 . 6 V) 


SYMBOL 

PARAMETER 

TC571024D-15 

TC571024D-200/-20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

-ACC 

Address Access Time 

- 

150 

- 

200 

ns 

~CE 

CE to Output Valid 

- 

150 

- 

200 

t oz 

OE to Output Valid 

- 

70 

- 

70 

C DF1 

CE to Output in High-Z 

0 

60 

0 

60 

t DF2 

OE to Output in High-Z 

0 

60 

0 

60 

tOH 

Output Data Hold Time 

0 

- 

0 

- 


A.C. TEST CONDITIONS 

Output Load : 1 TTL Gate and C^-lOOpF 

Input Pulse Rise and Fall Times : 10ns Max. 

Input Pulse Levels : 0.45V to 2.4V 

Timing Measurement Reference Level: Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V 
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TC571024D-15, TC571024D-20, TC571024D-200 


CAPACITANCE *(Ta=25'C, f=lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ClN 

Input Capacitance 

Vi K =0V 

- 

6 

10 

pF 


Output Capacitance 

V OUT =OV 

- 

10 

12 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 
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TC571024D-15, TC571024D-20, TC571024D-200 


| HIGH SPEED PROGRAM OPERATION[ 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V IH 

Input High Voltage 

2.2 


Vcc+0.3 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V CC 

Vcc Power Supply Voltage 

6.00 

6.25 

6.50 

v PP 

Vpp Power Supply Voltage 

12.50 

12.75 

13.00 


D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, V C c=6-25±0.25V, V pp =12.75±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

VpN-0 'v Vcc 

- 

- 

±10 


v OH 

Output High Voltage 

Ioh*-400uA 

2.4 

- 

- 

V 

v OL 

Output Low Voltage 

IOL®2.1mA 

- 

- 

0.4 

V 

x cc 

Vcc Supply Current 

- 

- 

- 

40 

mA 

Ippg 

Vpp Supply Current 

Vpp-13.OV 

- 

- 

100 

mA 


P C D ROGRAMM T NG CHARACT- 




:s-25±5°C, Vcc-6.25iO.25V, V ?? -l 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

mam 

Address Setup Time 

- 

2 

- 

- 

ys 

Z ijg 

Address Hold Time 

- 

2 

- 

- 

us 

trrc 

CE Setup Time 

- 

2 

- 


us 

t CZH 

Cl Hold Time 

- 

2 

- 

- 

us 

r DS 

Data Setup Time 

- 

2 

- 

- 

us 

t DH 

Data Hold Time 

1 

2 

- 

- 

US 

r VS 

Vpp Setup Time 

- 

2 

- 

- 

US 

T?v 

Program Pulse Width 

- 

0.095 

0.1 

0.105 

ms 

t OE 

OE to Output Valid 


- 

- 

500 

ns 

t T)F2 

OE to Output in High-Z 

oe-vil 


- 

150 

ns 

tQES 

OE Setup Time 

- 

2.0 

- 

- 

us 


A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and C L (lOOpF) 

• Input Pulse Rise and Fall Time : 10ns Max. 

• Input Pulse Levels : 0.45V and 2.4V 

• Timing Measurement Reference Level: Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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TC571024D-15. TC571024D-20, TC571024D-200 


HIGH SPEED PROGRAM OPERATION 

TIMING CHART 



Note: 1. Vqq oust be applied simultaneously or before Vpp and cut off simul¬ 

taneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.75V may cause permanent damage to the device, 

3. The Vpp supply voltage is permitted up to 14V for program operation, 
so the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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ERASURE CHARACTERISTICS! 

The TC571024D erasure is achieved by applying shortwave ultraviolet light which 
has a wavelength of 2537A (Angstroms) to the chip through the transparent window. 
Then integrated dose (Ultraviolet light intensity [W/cm 2 ] x exposure time [sec.]) 
for erasure should be a minimum of 15 [W.» sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a 
distance of 1cm from the lamp surface, the erasure will be achieved within 60 
minutes. And using commercial lamps whose ultraviolet light intensity is a 12000 
[pW/cnh] will reduce the exposure tine to about 20 minutes. (In this case, the 
integrated dose is 12000 [uW/cm 2 ] * (20 * 60) [sec] s 15 [W • sec/cm 2 ].) 

The TC571024D erasure begins to occur when exposed to light with wavelength shorter 
0 0 
than 4000A. The sunlight and the flourescent lamps will include 3000 r w4000A wave¬ 
length components. Therefore when used under such lighting for extended periods 
of time, the opeaue seals - Toshiba EPROM Protect Seal AC901 - are available. 


OPERATION INFORMATION 


The TCo71024D six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 




CE 

OE 

PGM 

Vpp 

V CC 

DO 'w D15 

POWER 

READ 

OPERATION 

Kead 

L 

L 

H 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

* 

Eig'n Impedance 

Standby 

H 

£ 


High Impedance 

Standby 

PROGRAM 

OPERATION 

(Ta=25±5°C) 


n 

H 

L 


6.25V 

Data In 

Active 

Program Inhibit 

H 

* 

B 

High Impedance 

L 

H 

H 

Program Verify 

n 

D 

K 

Data Out 


Note: E; V IH , L; V IL , *; V IH or Vj L 
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TC571024D-15, TC571024D-20, TC571024D-200 


{READ MODE 1 

The TC571024D has three control functions. The chip enable (CE) controls the 
operation power and should be used for device selection. 

The output enable (OE) control the output buffers, independent of device selection. 
Assuming in that CE=OE=Vil and PGM-Vjh, the output data is valid at the output after 
address access time from stabilizing of all addresses. 

The CE to output valid (t^g) is equal to the address access time (t^cc)• 

Assuming that CE=Vj L , PGM=Vjh and all addresses are valid, the output data is valid 
at the outputs after tQ£ from the falling edge of 0£. 


[OUTPUT DESELECT MODE] 

Assuming that CE=Vjg or OE=Vj^, the outputs will be in a high impedance state. 

So two or more ROMs can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 

I STANDBY MODE] 

The TC571024D has a low power standby mode controlled by the £rT signal. 

By applying a high level to the CE input, the TC571024D is placed in the standby 
mode which reduce the operating current to 10O_A by applying MGS-nigh level (V^c) 
and then the outputs are in a high impedance state, independent of the OE inputs. 

jPROGRAM MODE! 

Initially, when received by customers, all bits of the TC571021D are in the "l" 
state which is erased state. 

Therefore the program operation is to introduce "O’s" data into the desired bit 
locations by electrically programming. 

The levels required for all inputs are TTL. The TC571024D can be programmed any 
location at anytime--either individually, sequentially, or at random. 
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TC571024D-15, TC571024D-20, TC571024D-200 


PROGRAM VERIFY MODE 1 

The verify mode is to check that the desired data is correctly programmed on the 
programmed bits. 

The verify is accomplished with OE and CE at Vjl and PGM at Vjh. 


! PROGRAM INHIBIT MODE| 

Under the condition that the program voltage (+12.75V) is applied to Vpp terminal, 
a high level CE or PGM input inhibits the TC571024D from being programmed. 
Programming of two or more EPROMS in parallel with different data is easily 
accomplished. That is, all inputs except for CE or PGM may be commonly connected, 
and a TTL low level program pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the other devices. 


HIGH SPEED PROGRAM OPERATION| 

The device is set up in the high speed programming mode when the programming voltage 
(+12.75V) is applied to the Vpp terminal with Vqq-6.25V and ?GM=V~g. 

The programming is achieved by applying a single TTL low level 0.1 ms pulse the FGR 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied 
and then programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 
with Vcc-Vp p =5V. 
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HIGH SPEED PROGRAM OPERATION 


FLOW CHART 
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ELECTRIC SIGNATURE MOdT 

Electric signature mode allows to read out a code from TC571024D V7hich identifies 
it’s manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TC571024D by using this mode before program operation and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjl in read operation. Data output in this con¬ 
ditions is manufacturer code. Device code is identified when address AO is set 
to V-£ H . These two codes possess an odd parity with the parity bit of (O 7 ). 

The following table shows electric signature of TC571024D. 


PINS 

SIGNATUPZ^^^ 

A 0 

0X5 

0i4 

°13 

°12 

Oil 

°10 

09 

08 

07 

06 

05 

04 

°3 

°2 

Ol 

°0 

HEX. 

DATA 

Manufacture Code 

V I 1 

1 

* 

! ~ 

| * 

* 

* 

* 

* 

1 

1 

0 

0 

1 

1 

0 

0 

0 


Device Code 


fl 

B 


B 

* 

* 

* 

* 

0 

0 

0 

0 

1 

0 

0 

0 

m 


Notes: A9=12V±0.5V, Al ^A8, A10 ^A15, CE, OE=VpL, PGM-Vih *: Don’t Care 


D.C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V ID 

A9 Auto Select Voltage 

11.5 

12.0 

12.5 

V 
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TOSHIBA MOS MEMORY PRODUCTS 

TC574000D-15, -20 


IdescriptiofT! 

The TC574000D is a 524,288 word * 8 bit CMOS ultraviolet light erasable and electriccally 
programmable read only memory. For read operation, the TC574000D's access time is 150ns, 
and the TC574000D operates from a single 5-volt power supply and has low power standby 
mode which reduces the power dissipation without increasing access time. 

The standby mode is achieved by applying a TTL-high level signal to the CE input. 

Advanced CMOS technology reduces the maximum active current to 50mA/6.7MHz and standby 
current to 10§yA. For program operation, the programming is achieved by using the high 
speed programming mode. TC574000D is fabricated with the CMOS technology and the N- 
channel silicon double layer gate MOS technology. 


! FEATURES 1 


• Peripheral circuit: CMOS 

Memory cell : N-MOS 

• Access time 



-15 

-20 

Vcc 

5\%10o 

Temp 

o 

o 

O 

a 

o 

t ACC 

150ns 

200ns 


• Low power dissipation 

Active : 5QmA/6.7MHz 
Standby: lOOyA (Ta=70°C) 

• High speed programming operation 

• Single 5V power supply 

• Full static operation 

• Input and output TTL compatible 

• JEDEC standard 32 pin 

• Standard 32 pin DIP cerdip package 


1 PIN CONNECTION j (TOP VIEW) 



|PIN NAMES 


A0 ^ A18 

Address Inputs 

DO v D7 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE 

Output Enable Input 

v cc 

Vcc Supply Voltage 

Vpp 

Program Supply Voltage 

GND 

Ground 
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H or L 


1 MAX IMUM RATINGS| 

SYMBOL 

ITEM 

RATING 

UNIT 

Vcc 

V CC Power Supply Voltage 

-0.6 ^ 7.0 

V 

Vpp 

Program Supply Voltage 

-0.6~ 14.0 

V 

vis 

Input Voltage 

-0.6^ 7.0 

V 

v i/o 

Input/Output Voltage 

-0.6 ^Vcc + 0.5 

V 

Pd 

Power Dissipation 

1.5 

w 

t solder i 

Soldering Temperature • Time 

260 • 10 

°C•sec 

tstrg 

Storage Temperature 

-65 ^ 125 

°C 

topr 

Operating Temperature 

0^70 

°C 
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jREAD OPERATION! 

DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V IH 

Input High Voltage 

2.2 

- 

Vcc+0.3 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

V CC 

V CC Power Supply Voltage 

4.50 

5.00 

5.50 

V 

Vpp 

Vpp Power Supply Voltage 

Vcc-0.6 

Vcc 

Vcc+0*6 

V 


DC AND OPERATING CHARACTERISTICS (Ta= 0^70°C) 


SYMBOL | PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

v IN =o^ v cc 

- 

- 

±10 

yA 

I CC01 

Operating Current 

CE=0V 

I 0 UT =0mA 

f=6.7MHz 

- 

- 

50 

mA 

I CC02 

f-lMHz 

- 

- 

15 

I CCS1 

Standby Current 

CE=Vih 

- 

- 

1 

mA 


CE=V C c-0.2V 

- 

- 

100 

yA 

v OH 

Output High Voltage 

IOH = ~^00]iA 

2.4 

- 

- 

V 

V 0 L 

Output Low Voltage 

I OL =2 * lmA 

- 

- 

0.4 

V 

I PP1 

V PP Current 

Vpp==VQQ±0.6V 

- 

- 

+ 10 

yA 

IlO 

Output Leakage Current 

V 0 UT =0 «4V ^ Vcc 

- 

- 

10 

yA 


AC CHARACTERISTICS 


SYMBOL 

PARAMETER 

TEST CONDITION 

TC574000D-15 

TC574000D-20 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

tACC 

Address Access Time 

CE=OE=V IL 

- 

150 

- 

200 

ns 

t CE 

CE to Output Valid 

oe=v il 

- 

150 

- 

200 

ns 

t OE 

OE to Output Valid 

ce=v il 

- 

70 

- 

70 

ns 

t DFl 

CE to Output in High-Z 

OE=V IL 

0 

60 

0 

60 

ns 

t DF2 

OE to Output in High-Z 

CE= V IL 

0 

60 

0 

60 

ns 

tQH 

Output Data Hold Time 

CE=0E=Vil 

0 

- 

0 

- 

ns 


AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and CL=100pF 
10ns Max. 

0.45V % 2.4V 

Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 
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CAPACITANCE* (Ta=25°C, f=lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C IN 

Input Capacitance 

V IN =OV 

- 

4 

8 

pF 

C OUT 

Output Capacitance 

V OUT =OV 

- 

10 

12 


* This parameter is periodically sampled is not 100% tested. 


TIMING WAVEFORMS (READ) 
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I HIGH SPEED PROGRAM OPERATION! 

DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 

Vcc+1.0 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

V CC 

Vcc Power Supply Voltage 

6.00 

6.25 

6.50 

V 

Vpp 

Vpp Power Supply Voltage 

12.20 

12.50 

12.80 

V 


DC AND OPERATING CHARACTERISTICS (Ta=25±5°C, V CC =6.25±0.25V, V pp =12.5t)±0. 30V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILL 

Input Current 

V IN = 0 ^ v cc 

- 


±10 

yA 

V 0 H 

Output High Voltage 

Ioh = “4-Q0ha 

2.4 

- 

- 

V 

v OL 

Output Low Voltage 

IOL =2 - lmA 

- 

- 

0.4 

V 

ICC 

^cc Supply Current 


- 

- 

50 

mA 

*PP2 

Vpp Supply Current 

V PP =12.8V 

- 

- 

50 

mA 

VlD 

A9 Auto Select Voltage 

- 

11.5 

12.0 

12.5 

V 


AC PROGRAMMING CHARACTERISTICS (Ta=25-5°C, V CC =6.25±0.25V, V PP =12.50±0.30V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

- 

- 

ys 

t AH 

Address Hold Time 

- 

2 

- 

- 

ys 

t CES 

CE Setup Time 

- 

0 

- 

- 

ns 

t CEH 

CE Hold Time 

- 

0 

- 

- 

ns 

C DS 

Data Setup Time 

- 

2 

- 

- 

ys 

C DH 

Data Hold Time 

- 

2 

- 

- 

y s 

tVPS 

Vpp Setup Time 

- 

2 

- 

- 

y s 

t VCS 

Vcc Setup Time 

- 

2 

- 

- 

y s 

tpw 

Program Pulse Width 

cl=v IL , oe=v ih 

45 

50 

55 

ys 

t OE 

OE to Output Valid 

Ee-Vih 

- 

- 

100 

ns 

t DFP 

OE to Output in High-Z 

CE=Vih 

- 

- 

90 

ns 


AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.4 5 V ^ 2.4V 

Input 0.3V and 2.2V, Output 0.8V and 2.0V 











TC574000D-15, -20 


TIMING WAVEFORMS (PROGRAM) 
HIGH SPEED PROGRAM OPERATION 



Note 1. Vqq must be applied simultaneously or before Vpp and cut off simultaneously 
or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.50V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. 

So the voltage over 14V should not be applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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ERASURE CHARACTERISTICS! 

The 105740000*3 erasure is achieved by applying shortwave ultraviolet light which has 
a wavelength of 2537& (Angstroms) to the chip through the transparent window. 

Then integrated does (ultraviolet light intensity [w/cm 2 ] x exposure time [sec.]) for 
erasure should be a minimum of 15 [w»sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance 
of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 

And using commercial lamps whose ultraviolet light intensity is a 12000 [pw/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In this case, the integrated does is 
12000 [pw/cm 2 ] * (20 * 60) [sec] *15 [w sec/cm 2 ] .) 

The TC574000D T s erasure begins to occur when exposed to,light with wavelength shorter 
than 4000A. The sunlight and the fluorescent lamps will include 3000% 4000A wavelength 
components. Therefore when used under such lighting for extended periods of time, the 
opaque seals-Toshiba EPROM Protect Seal AC902-are available. 


OPERATION INFORMATION] 

The TC574000D's six operation modes are listed in the following table. 

Mode selection can be achieved by applying TTL level signal to all inputs. 


“ '--_-________PIN NAMES (NUMBER) 

MODE ~ —— -_____ 

CE 

(22) 

OE 

(24) 

Vpp 

(1) 

V CC 

(32) 

00 % 07 

(13% 15, 17% 21) 

POWER 

Read Operation 

(Ta= 0 -WO °C) 

Read 

L 

L 

5V 

5V 

i 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program Operation 
(Ta=25±5°C) 

Program 

L 

H 

12.50V 

6.25V 

Data In 

Active 

Program Inhibit 

H 

H 

High Impedance 

Program Verify 

* 

L 

Data Out 


Note: H; V IH , L; V IL , *; V IH or V IL 


READ MODE! 

The TC574000D has two control functions. The chip enable (CE) controls the operation 
power and should be used for device selection. The output enable (OE) control the 
output buffers, independent of device selection. Assuming that CE=0 E=V]-l, the output 
data is valid at the outputs after address access time from stabilizing of all ad¬ 
dresses. The CE to output valid (t^g) is equal to the address access time (t^cc)• 
Assuming that CTE=Vil and all addresses are valid, the ouptut data is valid at the 
outputs after tQ£ from the falling edge of OE. 


OUTPUT DESELECT MODE 


Assuming that CE^V^ or 0E=Vj^, the outputs will be in a high 
or more TC574000D ? s can be connected together on a common bus 
for device selection, all deselected devices are in low power 


impedance state. So two 
line. When CE is decoded 
standby mode. 
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I STANDBY MODE] 

The TC574000D has a low power standby mode controlled by the CE signal. By applying 
a high level to the CE input, the TC574000D is placed in the standby mode which reduce 
the operating current to lOOyA by applying MOS-high level (Vqq) and then the outputs 
are in a high impedance state, independent of the OE inputs. 

I PROGRAM MODE] 

Initially, when received by customers, all bits of the TC574000D are in the "1" state 
which is erased state. Therefore the program operation is to introduce "0's" data into 
the desired bit locations by electrically programming. The TC574000D is in the program¬ 
ming mode when the Vpp input is at 12.50V and CE is at TTL-Low under OE=Vj^. 

The TC574000D can be programmed any location at any time either indivicually, 
sequentially, or at rondom. 


[PROGRAM VERIFY MODE| 

The verify mode is to check that desired data is correctly programmed on the programmed 
bits. The verify is accomplished with OE at Vj^. 


PROGRAM INHIBIT MODE1 

Under the condition that the program voltage (+12.50V) is applied to Vpp terminal, a 
high level CE input inhibits the TC574000D from being programmed. 

Programming of two or more TC574000D T s in parallel with different data is easily ac¬ 
complished. That is, all inputs except for CE and OE may be commonly connected, and 
a TTL low level program pulse is applied to the CE of the desired device only and TTL 
high level signal is applied to the other devices. 


| HIGH SPEED PROGRAM MODE] 

The device is set up is the high speed programming mode when the programming voltage 
(+12.50V) is applied to the Vpp terminal with 6.25V. 

The programming is achieved by applying a single TTL low level 50ps pulse to the CE input 
after addresses and data are stable. Then the programmed data is verified by using 
Program Verify Mode. If the programmed data is not correct, another program pulse of 
lms is applied and then the programmed data is verified. This should be repeated until 
the program operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse with 
width of 1 time more than that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified with 
V C C=Vpp=5V. 
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Ielectric signature mode - 

Electric signature mode allows to read out a code from TC574000D which identifies 
its manufacturer and device type. 

The programming equipment may reads out manufacturer code and device code from 
TC574000D by using this mode before program operation and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the rest 
of address lines is set to Vpp in read operation. Data output in this conditions is 
manufacturer code. Device code is identified when address AO is set to Vp^. 

These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electric signature of TC574000D. 


PINS 

AO 

07 

06 

05 

04 

03 

02 

01 

00 

HEX. 

SIGN ATURE^^^-^_ 

(12) 

(21) 

(20) 

(19) 

(18) 

(17) 

(15) 

(14) 

(13) 

DATA 

Manufacture Code 

VlL 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

VlH 

1 

0 

0 

0 

1 

1 

0 

0 

8C 


Notes: A9=12V±0.5V 

A1^A8, A10 'v A18 , CE, 0E=V IL 
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TOSHIBA BIOS MEMORY PRODUCTS 

TC57H256D-70, TC57H256D-85 


I description! 

The TC57H256D is a 32,768 wordx 8 bit CMOS ultrabiolet light erasable and electric 
cally programmable read only memory. For read operation, the TC57H256D*s access time 
is 70ns, and the TC57H256D operates from a single 5-volt power supply and has low 
power standby mode which reduces the power dissipation without increasing access time. 
The standby mode is achieved by applying a TTL-high level signal to the CE input. 
Advanced CMOS technology reduces the maximum active current to 50mA/14.2MHz and stand¬ 
by current to lOOyA. For program operation, the programming is achieved by using the 
high speed programming mode. For program operation, the programming is achieved by 
using high speed programming mode. TC57H256D is fabricated with the CMOS technology 
and the N-channel silicon double layer gate MOS technology. 


features! 

• Peripheral circuit: CMOS 

• Memory cell : N-MOS 



-70 

-85 

v cc 

5V±5% 

5V±10% 

t ACC 

70ns 

85ns 


• Single 5V power supply 


• Full static operation 

• High speed programming mode 

• Inputs and outputs TTL compatible 

• Pin compatible with ROM TC53257P, TMM23256P, 

TMM27256AD and TC57256AD 

• Standard 28 pin DIP cerdip package 

BLOCK DIAGRAM] 


PIN CONNECTION (TOP VIEW) 


Vpp GN D Vq-. OO 01 02 03 04 06 06 07 


VppCl 
A1 2 C 2 
A7 C 3 
A6C 4 
A5 C 5 
A4 C 6 
A3 C 7 
A2C 8 
A1 C 9 
AOC 10 
OOC 11 
01 C 12 
02 C 13 
GNDC 14 


28 □ Vjjd 

27 UA14 
26 U Al3 
25 3A8 
24 3A9 
23 3 All 
22 lOE 
21 DaIO 
20 3 CE 
19 D 07 
18 □ 06 
17 D 05 
16 □ 04 
15 3 03 


OE 

CE" 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
All 
A1 2 
Al 3 
A14 



PIN NAMES| 


MODE SELECTION 


AO ^ A14 

Address Inputs 

IL5USI 

CE 

(20) 

OE 

(22) 

Vpp 

(1) 

Vcc 

(28) 

00 ^ 07 

(11^13, 15%19) 

POWER 

00 % 07 

Outputs (Inputs) 

|Read 

mm 

L 


5V 

Data Out 

Active 

CE 



n 

O 

High Impedance 

OE 


Standby 

19 

EM 


Standby 

Vpp 

Program Supply 
Voltage 

Program 

■9 

■a 

125V^ 

12.75V^ 

■ 

Data In 

Active 

Vcc 


Program Inhibit 

19 

o 

High Impedance 

Program Verify 

* 

ma 


Data Out 

GND 

Ground | 

* H or L 1): HIGH SPEED PROGRAM MODE I 



2): HIGH SPEED PROGRAM MODE H 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

V CC 

Vcc Power Supply Voltage 

-0.6 ^.7.0 

V 

Vpp 

Program Supply Voltage 

-0.6 W4.0 

V 

VlN 

Input Voltage 

-0.6 'W.O 

V 

Vl/O 

Input/Output Voltage 


V 

Pd 

Power Dissipation 

1.5 

W 


Soldering Temperature Time 

260 • 10 

°C • sec 


Storage.Temperature 

-65 ^125 

°C 

t OPR 

Operating Temperature 

0 'WO 

°C 


READ OPERATION! 

D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TC57H256D-70 

TC57H256D-85 

Ta 

Operating Temperature 

0 wo°c 

0% 70°C 

vcc 

Vcc P° wer Supply Voltage 

5V±5% 

5V±10% 

Vpp 

Vpp Power Supply Voltage 

VcC“0*6V ^Vcc+0-6V 

V C c-0.6V^ V C c+0.6V 


D.C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 

NIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

Vxn = 0 ^Vcc 

- 

- 

±10 

pA 

X L0 

Output Leakage Current 

VoUT=0.4 'uVcc 

- 

n 

±10 

pA 

I CC01 

Operating Current 

CE-OV 

IOUT=OmA 

f=14.2MHz 

- 

- 

50 

mA 

I CC02 

f-lMHz 

- 

- 

20 

I CCS1 

Standby Current 

ce=v ih 

- 

- 

1 


I CCS2 

CE=V cc -0.2V 

- 

- 

100 

HI 

VlH 

Input High Voltage 

- 


- 


m 


Output Low Voltage 


sm 

B 

0.8 

V 


Output High Voltage 

IOH'O^OO^A 

ESI 

- 

- 

V 

pg| 

Output Low Voltage 

I OL“ 2 * lmA 

- 

- 

0.4 

n 

j ppi 

Vpp Current 

Vpp— V CC “0.6 'v* Vqq*H). 6 

- 


±10 

ii 
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A.C. CHARACTERISTICS 


SYMBOL 

PARAMETER 

TEST CONDITION 

TC57H256D-70 

TC57H256D-85 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

c ACC 

Address Access Time 

ce=oe=v il 

- 

70 

- 

85 

ns 


CE to Output Valid 

oe=v il 

- 

70 

- 

85 

ns 

m 

OE to Output Valid 

ce=Vi L 

- 

40 

- 

45 

ns 

C DF1 

CE to Output in High-Z 

oe=v il 

0 

30 

0 

30 

ns 

E3S9 

OE to Output in High-Z 

ce=v il 

0 

30 

0 

30 

ns 

■SB 

Output Data Hold Time 

CE=OE=Vxl 

5 


5 

- 

ns 


A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and CL“100pF 
10ns Max. 

0.45V^ 2.4V 

Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 


CAPACITANCE *(Ta=25°C, f*lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 


Input Capacitance 

VlN-OV 

- 

4 

6 



Output Capacitance 

VquT = 0 v 

- 

8 

12 

pF 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS 
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HIGH SPEED PROGRAM MODE I 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

H9I 

Input High Voltage 


- 

Vcc+1.0 

V 

B23H 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Kll| 

V CC Power Supply Voltage 

5.75 


6.25 

V 


V PP Power Supply Voltage 

12.0 


13.0 

V 


D.C. and OPERATING CHARACTERISTICS (Ta^25±5°C, V CC =6V±0.25V, V PP =12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

v IN=0 ■vVcc 

- 

- 

±10 

UA 

X 

o 

> 

Output High Voltage 

I OH =400uA 

2.4 

- 

- 

V 

v OL 

Output Low Voltage 

Iol = 2 •1mA 

- 

- 

■ 

V 

icc 

VcC Supply Current 

- 

- 

- 

1 

mA 

X PP2 

Vpp Supply Current 

Vpp=13.0V 

- 

- 

HI 

mA 


A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V CC =6V±0.25V, V PP =12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

t AS 

Address Setup Time 

- 

2 

- 

- 

Ms 

tAH 

Address Hold Time 

- 


- 

- 

MS 

t CES 

CE Setup Time 

- 

0 

- 

- 

MS 

t CEH 

CE Hold Time 

- 

0 

- 

- 

MS 

c 0ES 

OE Setup Time 

- 

2 

- 

- 

US 

tDS 

Date Setup Time 

- 

2 

- 

- 

us 

t DH 

Data Hold Time 

- 

2 

- 

- 

US 

tVPS 

V pp Setup Time 

- 

2 

- 

- 

US 

C vcs 

Vqc Setup Time 

- 

2 

- 

- 

US 

tpw 

Initial Program Pulse Width 




mm 

EES 

ms 


Overprogram Pulse Width 

Note 

1 

2.85 

3 

mm 

ms 

c OE 

OE to Output Valid 

ce=v ih 

- 

- 

— 

ns 

C DFP 

0E to Output in High-Z 

CE=Vxh 

- 

- 


ns 


A.C. TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and C L (100pF) 

10ns Max. 

0.45V 'u 2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 


Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 
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HIGH SPEED PROGRAM OPERATION E 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 

Vcc+1.0 

V 

VlL 

Input Low Voltage 

earn 

- 

0.8 

V 

V CC 

Vqq Power Supply Voltage 

1 

6.25 

6.50 

V 

V PP 

Vpp Power Supply Voltage ^ 

12.50 

12.75 

13.00 

V 


D.C. AND OPERATING CHARACTERISTICS (Ta=25t5°C, V CC =6.25±0.25V, Vpp=12.75±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

VlN* 0 ^ V CC 

- 

- 

±10 

yA 

v OH 

Output High Voltage 

i 0H sb ~^°° 1 jA 


- 

- 

V 

V 0 L 

Output Low Voltage 

IOL =2 • lmA 

- 

- 

KZfl 

V 

I CC 

VcC Supply Current 


- 

- 

40 

mA 

Ip P2 

Vpp Supply Current 

V PP =13.0V 

- 

- 

50 

mA 


A.C. PROGRAMMING CHARACTERISTICS (Ta~25t5°C, V C c=6.25±0.25V, V PP =*12.75±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C AS 

Address Setup Time 

- 

2 

- 

- 

US 

C AH 

Address Hold Time 

- 

2 

- 

- 

warn 


CE Setup Time 

- 

0 

- 

- 

ns 

ESB 

CE Hold Time 

- 

0 

- 

- 

ns 

CDS 

Data Setup Time 

- 

2 

- 

- 

us 

Bl 

Data Hold Time 

- 

2 

- 

- 

US 

IB 

Vpp Setup Time 

- 

2 

- 

- 

US 

C vcs 

Vqq Setup Time 

- 

2 

- 

- 

us 

C PW 

Program Pulse Width 

ce=v il , oe=v ih 

0.095 


0.105 

ms 

c OE 

OE to Output Valid 

CE=Vih 

- 

- 

100 

ns 

C DFP 

OE to Output in High-Z 

CE= v ih 

- 

- 

90 

ns 


A.C. TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and C L (100pF) 

10ns Max. 

0.45V to 2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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TC57H256D-70, TC57H256D-85 


TIMING WAVEFORMS (PROGRAM) 

HIGH SPEED PROGRAM MODE I (V CC =6V±0.25V, V P p=12.5V±0.5V) 
HIGH SPEED PROGRAM MODE I (V C c=6.25V±0.25V, Vpp=12.5V±0.5V) 



Note 1. Vqq must be applied simultaneously or before Vpp and cut off simultaneously 
or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.5V(12.75V) may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. 

So the voltage over 14V should not be applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 


1-8 




TC57H256D-70, TC57H256D-85 


ERASURE CHARACTERISTIC?! 

The TC57H256D*s erasure is achieved by applying shortwave ultraviolet light which has 
a wavelength of 2537 a (Angstroms) to the chip through the transparent window. 

Then integrated does (ultraviolet light intensity [w/cm 2 ] x exposure time [sec.]) for 
erasure should be a minimum of 15 [w»sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a dis¬ 
tance of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 
And using commercial lamps whose ultraviolet light intensity is a 12000 [yw/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In this case, the integrated does is 
12000 [yw/cm 2 ] x (20 x60) [sec] s 15 [w*sec/cm 2 ].) 

The TC57H256D's erasure begins to occur when exposed to light with wavelength shorter 
than 400Q&. The sunlight and the flourescent lamps will include 3000 'V'AOGOX wave¬ 
length components. Therefore when used under such lighting for extended periods of 
time, the opaque seals-Toshiba EPROM Protect Seal AC901-are available. 


OPERATION INFORMATION 


The TC57H256D f s six operation modes are listed in the following table. 
Mode selection can be achived by applying TTL level signal to all inputs. 


^--^__PIN NAMES (NUMBER) 

MODE ‘- 

CE 

(20) 

m 

(22) 

v pp 

a) 

v cc 

(28) 

00 ^07 

(11 ^13, 15 n-19) 

POWER 

Read Operation 
(Ta=0 ^ 70°C) 

Read 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program Operation 
(Ta=25±5°C) 

Program 

L 

H 

1) 

12.5V 

2) 

12.75V 

1) 

6V 

2) 

6.25V 

Data In 

Ac tive 

Program Inhibit 

H 

H 

High Impedance 

Program Verify 

* 

L 

Data Out 


Note: H; Vjj|j Lj Vtt: Vjjj or ^IL» I) • HIGH SPEED PROGRAM MODE I, 

2): HIGH SPEED PROGRAM MODE IE 


READ MODE! 

The TC57H256D has two control functions. The chip enable (CE) controls the operation 
power and should be_used for device selection. 

The output enable (0E) control the output buffers, independent of device selection. 
Assuming that CE=0 E=Vil> the output data is valid at the outputs after address access 
time from stabilizing of all addresses. 

The CE to output valid (t^g) is equal to the address access time (t/^cc)* 

Assuming that CE=Vjl and all addresses are valid, the output data is valid at the 
outputs after tQE from the falling edge of 0E. 


OUTPUT DESELECT MODE 

Assuming that CE=Vih or 0 E=Vj;h, the outputs will be in a high impedance state. 

So two or more TC57H256D’s can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 
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STANDBY MODE] 

The TC57H256D has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE" input, the TC57H256D is placed in the standby 
mode which reduce the operating current to 100uA by applying MOS-high level (V^c) 
and then the outputs are in a high impedance state, independent of the OE inputs. 


[PROGRAM MODE 

Initially, when received by customers, all bits of the TC57H256D are in the "l" 
state which is erased state. 

Therefore the program operation is to introduce "O's" data into the desired bit 
locations by electrically programming. 

The TC57H256D is in the programming mode when the Vpp input is at 12.5V and CE is 
at TTL-Low under OE=Vjh* 

The TC57H256D can be programmed any location at any time either individually, 
sequentially, or at random. 


PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed on the 
programmed bits. _ 

The verify is accomplished with OE at Vjl* 


PROGRAM INHIBIT MODE| 

Under the condition that_the program voltage (+12.5V or 12.75V) is applied to Vpp 
terminal, a high level CE* input inhibits the TC57H256D from being programmed. 
Programming of two or more TC57H256D's in parallel with different data is easily 
accomplished. That is, all inputs except for CE and OE may be commonly connected, 
and a TTL low level program pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other devices. 


HIGH SPEED PROGRAM MODE I | 

The program time can be greatly decreased by using this high speed programming mode, 
The device is set up is the high speed programming mode when the programming 
voltage (+12.5V) is applied to the Vpp terminal with Vcc = 6V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE 
input after addresses and data are stable. Then the programmed data is verified by 
using Progam Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse 
with width of 3 times more than that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 
with V cc =Vpp=5V. 
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|HIGH SPEED PROGRAM MODE g | 

The device is set up in the high speed programming mode when the programming 
voltage (+12.75V) is applied to the Vpp terminal with V C q=6.25V. 

The programming is achieved by applying a single TTL low level 0.1ms pulse the CE 
input after addresses and data are stable. Then the programmed data is verified 
by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied 
and then programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 
with V cc =V pp =5V. 
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ELECTRIC SIGNATURE MODE| 

Electric signature mode allows to read out a code from TC57H256D which identifies 
its manufacturer and device type. 

The programming equipment may reads out manufacturer coce and device code from 
TC57H256D by using this mode before program operation and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjl i n read operation. Data output in this con¬ 
ditions is manufacturer code. Device code is identified when address AO is set 
to Vxh* These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electric signature of TC57H256D. 


PINS 

AO 

07 

06 

05 

04 

03 

02 

01 

00 

HEX. 

SIGNATURE^ 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 

VlL 

D 

0 

0 

n 

D 

0 

0 

0 

98 

Device Code 

VlH 

0 

1 

0 

0 

0 

1 

0 

1 

45 


Notes: A9=12V±0.5V 

A1^A8, AIO^AIA, CE, 0E=V IL 
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Unit in nnn 



N ote 1 


Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm 
of their true longitudinal position with respect No.l and No.28. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA IHOS MEMORY PRODUCTS 

TC57H1024D-85, -10 


description! 

The TC57H1024D is a 65,536 word x 16 bit CMOS ultraviolet light erasable and 
electrically programmable read only memory. 

The TC57H1024D is JEDEC standard pin configuration. This product is packed in 40 pin 
standard cerdip package. 

TC57H1024D is fabricated with the CMOS technology. Advanced circuit techniques provide 
both high speed and low power features with a maximum operating current of 40mA/lMHz 
and access time of 85ns/100ns. 

The programing times of the TC57H1024D except overhead times of EPROM programmer is 
only 7 seconds by using the high speed programming algorithm. 

FEATURES 


• Peripheral circuit: CMOS 

Memory cell : N-MOS 

• Fast access time 

TC57H1024D-85 : 85ns 
TC57H1024D-10 : 100ns 

• Low power dissipation 

Active : 40mA/IMRz 

Standby: lOOyA 


I PIN connection! (TOP VIEW) 


VppC 
ceC 
D1 5 C 
D14 C 
D 13 C 
D 12 C 
Dll C 
D10 C 
D 9 C 
D 8 C 

V SS c 
D7 n 
D6 C 
D5 C 
D4 C 
D3 C 
D2 C 
D1 C 
DO C 
OE C 




40 DV CC 
39 □PGM 
38 UN. C. 
37 U A15 
36 UA14 
35 DAI 3 
34 DA12 
33 UA11 
32 UA10 
31 DA9 
30 U V SS 
29 UA8 
28 UA7 
27 UA6 
26 UA5 
25 UA4 
24 UA3 
23 UA2 
22 UA1 
21 U A0 


• Single 5V power supply 

• Full static operation 

• High speed programming operation: tpy 0.1ms 

• Input and output TTL compatible 

• JEDEC standard 40 pin: TC57H1024D 

• Standard 40 pin DIP cerdip package 


PIN NAMESl 

A0 * A15 

Address Inputs 

DO * D15 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE 

Output Enable Input 

PGM 

Program Control Input 

V CC 

Vcc Supply Voltage 

Vpp 

Program Supply Voltage 

VsS 

Ground 

N.C. 

No Connection 
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BLOCK DIAGRAM] 


OE 

CE 

PGM 


AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 


A10 
All 
A12 
A13 
A14 
A15 



MODE SELECTION] 


PIN 

MODE 

CE 

OE 

PGM 

Vpp 

Vcc 

DO *0 D15 

POWER 

Read 

L 

L 

H 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

* 

High Impedance 

Standby 

H 

•k 

* 

High Impedance 

Standby 

Program 

L 

* 

L 

12.75V 

6.25V 

Data In 

Active 

Program Inhibit 

H 

* 

* 

High Impedance 

L 

H 

H 

Program Verify 

L 

L 

H 

Data Out 


* H or L 


MAXIMUM RATiNGSl 


SYMBOL 

ITEM 

RATING 

UNIT 

vcc 

Vcc Power Supply Voltage 

-0.6 ^7.0 

V 

Vpp 

Program Supply Voltage 

“0.6^ 14.0 

V 

VlN 

1 Input Voltage 

-0.6-v. 7.0 

V 

V IN (A9) 

Input Voltage (A9) 

-0.6 ^ 13.5 

V 

Vl/O 

Input/Output Voltage 

-0.6 a, V cc +0.5 

V 

Pd 

Power Dissipation 

1.5 

w 

T SOLDER 

Soldering Temperature Time 

260 • 10 

°C • sec 

t strg 

Storage Temperature 

-65 'v, 125 

°c 

t opr 

Operating Temperature 

0^70 

°c 
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READ OPERATION! 

AC/DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TC57H1024D-85/10 

Ta 

Ambient Temperature 

0^ 70°C 

Vcc 

Vcc Power Supply Voltage 

5V±5% 

Vpp 

Vpp Power Supply Voltage 

0V V/ Vqq+0.6V 


DC and OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

V IN =0^ V C c 


- 

±10 

pA 

I CC0 

Operating Current 

CE=0V 

IoUT = ^ m ^ 

^cycle”-^ s 

- 

- 

40 

mA 

I CCS1 

Standby Current 

ce=v ih 

- 

- 

1 

mA 

I CCS2 

CE-V CC -0.2V 

- 

- 

100 

pA 

VlH 

Input High Voltage 

- 

2.2 

- 

Vcc+0.3 | 

V 

VlL 

Input Low Voltage 

- 

-0.3 

- 

0.8 

V 

v OH 

Output High Voltage 

I O H=-400yA 

2.4 

- 

- 

V 

o 

> 

Output Low Voltage 

IOL~2. lm A 

- 

- 

0.4 

V 

Ippi 

Vpp Current 

Vpp = VcC-0 *6V 

- 

- 

±10 

pA 

X L0 

Output Leakage Current 

Vqut^O-^V^ V CC 

- 

- 

±10 

pA 


AC C HARACTERI STI CS (V PP =OV v V C c+0.6V) 


SYMBOL 

PARAMETER 

TC57H1024D-85 

TC57H1024D-100 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

t ACC 

Address Access Time 

- 

85 


100 

ns 

tCE 

CE to Output Valid 

- 

85 

- 

100 

t OE 

OE to Output Valid 

- 

45 

- 

50 

C DF1 

CE to Output in High-Z 

0 

30 

0 

50 

t DF2 

OE to Output in High-Z 

0 

30 

0 

50 

c OH 

Output Data Hold Time 

5 

- 

10 

- 


AC TEST CONDITIONS 


Output Load 

Input Pulse Rise and Fall Time 

Input Pulse Levels 

Timing Measurement Reference Level 


1 TTL Gate and C L =100pF 
10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V 


1-19 













TC57H1024D-85, -IQ. 

CAPACITANCE *(Ta=25°C, f=lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ClN 

Input Capacitance 

v IN =ov 

- 

6 

10 

T's'C' 

C OUT 

Output Capacitance 

V 0 UT“ OV 

- 

10 

12 
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HIGH SPEED PROGRAM OPERATION! 

DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 

Vcc+0.3 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

v cc 

VCC Power Supply Voltage 

6.00 1 

6.25 

6.50 

Vpp 

Vpp Power Supply Voltage 

12.50 

12.75 

13.00 


DC AND OPERATING CHARACTERSITICS (Ta=25±5°C, V CC =6.25±0.25V, Vpp=12.75±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

V IN =0o, V cc 

- 

- 

±10 

yA 

v OH 

Output High Voltage 

IOH=-400yA 

2.4 

- 

- 

V 

V 0 L 

Output Low Voltage 

i OL = 2 .imA 

- 

- 

0.4 

V 

icc 

V CC Supply Current 

- 

- 

- 

50 

mA 

IPP2 

Vpp Supply Current 

V PP=13.0V 

- 

- 

100 

mA 


AC PROGRAMMING CHARACTERSITICS(Ta=25±5°C, Vcc = 6.25±0.25V, Vpp^l2.75±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

t AS 

Address Setup Time 

- 

2 

- 

- 

is 

’-AH 

Address Hold Time 

- 

2 

- 

- 

ys 

t CES 

CE Setup Time 

- 

2 

- 

- 

y s 

t CEH 

CE Hold Time 

- 

2 

- 

- 

ys 

t DS 

Data Setup Time 

- 

2 


- 

ys 

t DH 

Data Hold Time 

- 

2 


- 

ys 

c vs 

Vpp Setup Time 

- 

2 

- 

- 

y s 

t PW 

Program Pulse Width 

- 

0.095 

0.1 

0.105 

ms 

’-0E 

OE to Output Valid 

- 

- 

- 

500 

ns 

t DF2 

OE to Output in High-Z 

OE=Vil 

- 

- 

150 

ns 

tQES 

OE Setup Time 

- 

2 

- 

- 

ys 


AC TEST CONDITIONS 


• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl (lOOpF) 

10ns Max. 

0.45V and 2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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HIGH SPEED PROGRAM OPERATION 

TIMING CHART 



Note: 1. Vqq must be applied simultaneously or before Vpp and cut off simul¬ 

taneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.75V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so 
the voltage over 14V should not be applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 





TC57H1024D-85, 40 


ERASURE CHARACTERISTICS! 

The TC57H1024D erasure is achieved by applying shortwave ultraviolet light which 

o 

has a wavelength of 2537A (Angstroms) to the chip through the trasparent window. 

Then integrated dose (Ultraviolet light intensity [W/cm 2 ] x exposure time [sec.]) for 
erasure should be a minimum of 15 [W • sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance 
of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 

And using commercial lamps whose ultraviolet light intensity is a 12000 [yW/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In this case, the integrated dose is 
12000 [yW/cm 2 ] x (20x 60) [sec] = 15 [W • sec/cm 2 ].) 

The TC57H1024D erasure begins to occur when exposed to light with wavelength shorter 

o o 

than 4000A. The sunlight and the flourescent lamps will include 3000 , v 4000A wavelength 
components. Therefore when used under such lighting for extended periods of time, 
the opeque seals - Toshiba EPROM Protect Seal AC901 - are available. 


OPERATION INFORMATION! 


The TC57H1024D six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



PIN 

MODE 

CE 

OE 

PGM 

v pp 

v cc 

DO 'v D15 

POWER 

READ 

OPERATION 

Read 

L 

L 

H 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

* 

High Impedance 

Standby 

H 

* 

* 

High Impedance 

Standby 

PROGRAM 

OPERATION 

(Ta=25±5°C) 

Program 

L 

* 

L 

12.75V 

6.25V 

Data In 

Active 

Program Inhibit 

H 

* 

* 

High Impedance 

L 

H 

H 

Program Verify 

L 

L 

H 

Data Out 


Note: H; Vj^, L; Vj^, *; Vj^ or 
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[READ MODE I 

The TC57H1024D has three control functions. The chip enable (CE) controls the 
operation power and should be used for device selection. 

The output enable (OE) control the output buffers, independent of device selection. 
Assuming in that CE=0 E=Vjj j and PGM=Vj^, the output data is valid at the output after 
address access time from stabilizing of all addresses. 

The CE to output valid (tQ^) is equal to the address access time (t^CC^' 

Assuming that CE=V IL , PGM=Vj R and all addresses are valid, the output data is valid at 
the outputs after tQE from the falling edge of OE. 


lOUTPUT DESELECT MODE) 

Assuming that CE=Vj^ or OE=Vj^, the outputs will be in a high impedance state. 

So two or more ROMs can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 

[STANDBY MODEl 

The TC57H1024D has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TC57H1024D is placed in the standby mode 
which reduce the operating current to lOOyA by applying MOS-high level (Vqq) and then 
the outputs are in a high impedance state, independent of the OE inputs. 

I PROGRAM MODE| 

Initially, when received by customers, all bits of the TC57H1024D are in the "1" state 
which is erased state. 

Therefore the program operation is to introduce "0 T s" data into the desired bit 
locations by electrically programming. 

The levels required for all inputs are TTL. The TC57H1024D can be programmed any 
location at anytime - either individually, sequentially, or at random. 
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[PROGRAM VERIFY MODE] 

The verify mode is to check that the desired data is correctly programmed on the 
programmed bits. 

The verify is accomplished with OE and CE at Vj^ an< 3 PGM at Vpp. 

[PROGRAM INHIBIT MODE! 

Under the condition that the program voltage (+12.75V) is applied to Vpp terminal, a 
high level CE or PGM input inhibits the TC57H1024D from being programmed. 

Programming of two or more EPROMs in parallel with different data is easily ac¬ 
complished. That is, all inputs except for CE or PGM may be commonly connected, and a 
TTL low level program pulse is applied to the CE and PGM of the desired device only 
and TTL high level signal is applied to the other devices. 

|HIGH SPEED PROGRAM OPERATION! 

The device is set up in the high speed programming mode when the programming voltage 
(+12.75V) is applied to the Vpp terminal with V CC =6.25V and PGM=Vpp. 

The programming is achieved by applying a single TTL low level 0.1ms pulse the PGM 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 
then programmed data is verified. This should be repeated until the program operates 
correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 
with V£c=Vpp=5V. 
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HIGH SPEED PROGRAM OPERATION 
FLOW CHART 



LAST ADDRESS? 
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ELECTRIC SIGNATURE MODE] 

Electric signature mode allows to read out a code from TC57H1024D which identifies 
it’s manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TC57H1024D by using this mode before program operation and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the rest 
of address lines is set to Vpp in read operation. Data output in this conditions is 
manufacturer code. Device code is identified when address AO is set to Vpp. 

These two codes possess an odd parity with the parity bit of (07). 

The following table shows electric signature of TC57H1024D. 


PINS 

S IGNATURE^--^_ 

AO 

015 

014 

013 

012 

Oil 

010 

09 

08 

07 

06 

05 

04 

03 

02 

01 

00 

HEX. 

DATA 

Manufacture Code 

VlL 

* 

* 

* 

* 

* 


D 

m 

1 


D 


g 



H 


Device Code 

V IH 

* 

* 

* 

* 

* 


D 


1 


a 





■ 
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Notes: A9=12V±0.5V, A1^A8, AlO'vAlS, CE, 0E=V IL , PGM=V IH *: Don’t Care 


DC AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V ID 

A9 Auto Select Voltage 

11.5 

12.0 

12.5 

V 
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3.2 ±0.7 , , 6.1 MAX. 


TC57H1024D-85, -10 


OUTLINE DRAWINGS! 

Unit in mm 


52.6 MAX. 



Note 1 



Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their 
true longitudinal position with respect No.l and No.40 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA BIOS MEMORY PRODUCTS 

TC57H1024D-85, 100 


1 DESCRIPTION 

The TC57H1024D is a 65,536 wordx 16 bit CMOS ultraviolet light erasable and 
electrically programmable read only memory. 

The TC57H1024D is JEDEC standard pin configuration. This product is packed in 40 pin 
standard cerdip package. 

TC57H1024D is fabricated with the CMOS technology. Advanced circuit techniques provide 
both high speed and low power features with a maximum operating current of 50mA/11.8MHz 
and access time of 85ns/100ns. 

The programing times of the TC57H1024D except overhead times of EPROM programmer is 
only 7 seconds by using the high speed programming algorithm. 

FEATURES 


• Peripheral circuit: CMOS 

Memory cell : N-MOS 

• Fast access time 

TC57H1024D-85 : 85ns (V CC =5V±5%) 
TC57H1024D-100: 100ns (V C C=5V±10%) 

• Low power dissipation 

Active : 50mA/11.8MHz 

Standby: lOOyA 


Single 5V power supply 
Full static operation 

High speed programming operation: tpw 0.1ms 
Input and output TTL compatible 
JEDEC standard 40 pin: TC57H1024D 
Standard 40 pin DIP cerdip package 


PIN CONNECTION] (TOP VIEW) 



PIN NAMESl 

A0 * A15 

Address Inputs 

DO * D15 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE 

Output Enable Input 

PGM 

Program Control Input 

V CC 

Vcc Supply Voltage 

Vpp 

Program Supply Voltage 

Vss 

Ground 

N.C. 

No Connection 
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Program Verify 


* H or L 


MAXIMUM RATINGS 


SYMBOL 



ITEM 

RATING 

Vcc Power Supply Voltage 

-0.6-o 7.0 

Program Supply Voltage 

-0.6^14.0 

Input Voltage 

-0.6-0 7.0 

Input Voltage (A9) 

-0.6-0 13.5 

Input/Output Voltage 

—0.6 Vqq+0.5 

Power Dissipation 

1.5 

Soldering Temperature Time 

260 • 10 

Storage Temperature 

-65 *\t 125 

Operating Temperature 

O-o 70 


°c • 

sec 

O 

C 

o 

C 
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| READ OPERATION 


AC/DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TC57H1024D-85 

TC57H1024D-100 

Ta 

Ambient Temperature 

0*70*0 

■m 

V CC Power Supply Voltage 

5V±5% 

5V±10% 

■ 

Vpp Power Supply Voltage 

ov'uvcc+o.ev 


DC and OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

Vij^O'v, Vcc 

- 

- 

±10 

\iA 

TCCOI 

Operating Current 


tcycle = 85ns 

- 

- 

50 

mA 

I CC02 

tcycle-lys 

- 

- 

30 

^CSl 

Standby Current 

ce=v ih 

- 

- 

1 

mA 


c!=v C c-0.2v 

- 

- 

100 

PA 


Input High Voltage 

- 

2.2 

- 

Vcc+0.3 

V 

VlL 

Input Low Voltage 

- 

KttlB 

- 

0.8 

V 

v OH 

Output High Voltage 

IOH ss ”’400pA 

EO 

- 

- 

V 

v OL 

Output Low Voltage 

^OL”^ * 

- 

- 

0.4 

V 

Tppi 

Vpp Current 

Vpp=Vcc±0*6V 

- 

- 


yA 

x LO 

Output Leakage Current 

Vqut = o.4v a# vqc 

- 

- 

±10 

yA 


AC CHARACTERISTICS (V PP =OV%V C c+0.6V) 


SYMBOL 

PARAMETER 



UNIT 



MIN. 


c ACC 

Address Access Time 

- 

85 

- 


ns 

c CE 

CE to Output Valid 

- 

85 

- 

100 

t OE 

OE to Output Valid 

- 

45 

- 

50 

C DF1 

CE to Output in High-Z 

0 

30 

0 

50 

^2 

OE to Output in High-Z 

0 

30 

0 

50 

tQH 

Output Data Hold Time 

5 

- 

10 

- 


AC TEST CONDITIONS 


Output Load 

Input Pulse Rise and Fall Time 

Input Pulse Levels 

Timing Measurement Reference Level 


1 TTL Gate and C L =100pF 
10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V 
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CAPACITANCE *(Ta=25°C, f-lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C IN 

Input Capacitance 

V IN =0V 

- 

6 

10 

P F 

C OUT 

Output Capacitance 

VquT^OV 

- 

10 

12 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS fREAm 
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Ihigh speed program operation! 

DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 


Input High Voltage 

2.2 

- 


V 


Input Low Voltage 

-0.3 

- 

0.8 

Vcc 

VcC Power Supply Voltage 

6.00 

6.25 

6.50 

v PP 

Vpp Power Supply Voltage 

12.50 

12.75 



DC AND OPERATING CHARACTERSITICS (Ta=25+5°C, V cc =6.25+0.25V, V PP =12.75±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

v IN =o^ v cc 

- 

- 

±10 

pA 

v OH 

Output High Voltage 

IOH=-400yA 

2.4 

- 

- 

V 

VOL 

Output Low Voltage 

I OL =2 • lraA 

- 

- 

0.4 

V 

T cc 

V CC Supply Current 

- 

- 

- 

40 

mA 

IPP2 

Vpp Supply Current 

Vpp=l3.0V 

- 

- 

100 

mA 


AC PROGRAMMING CHARACTERSITICS (Ta=25±5°C, Vcc=6.25i0.25V, Vpp=12.75t0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

t AS 

Address Setup Time 

- 

2 

- 

- 

ps 

t AH 

Address Hold Time 

- 

2 

- 

- 

ps 

tCES 

CE Setup Time 

- 

2 

- 

- 

PS 

c CEH 

CE Hold Time 

- 

2 

- 

- 

PS 

C DS 

Data Setup Time 

- 

2 

- 

- 

ps 

C DH 

Data Hold Time 

- 

2 

- 

- 

P s 

C VS 

Vpp Setup Time 

- 

2 

- 

- 

PS 

C PW 

Program Pulse Width 

- 

0.095 

0.1 

0.105 

ms 

c OE 

OE to Output Valid 

- 

- 

- 

500 

ns 

t DF2 

OE to Output in High-Z 

OE=Vil 

- 

- 

150 

ns 

tQES 

OE Setup Time 

- 

2 

- 

- 

ps 


AC TEST CONDITIONS 


• Output Load : 

• Input Pulse Rise and Fall Time : 

• Input Pulse Levels : 

• Timing Measurement Reference Level: 


1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V and 2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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HIGH SPEED PROGRAM OPERATION 

TIMING CHART 



Note: 1. Vqq must be applied simultaneously or before Vpp and cut off simul¬ 
taneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.75V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so 
the voltage over 14V should not be applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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ERASURE CHARACTERISTICS! 

The TC57H1024D erasure is achieved by applying shortwave ultraviolet light which 

o 

has a wavelength of 2537A (Angstroms) to the chip through the trasparent window. 

Then integrated dose (Ultraviolet light intensity [W/cm 2 ] * exposure time [sec.]) for 
erasure should be a minimum of 15 [W • sec/cm 2 ]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance 
of 1cm from the lamp surface, the erasure will be achieved within 60 minutes. 

And using commercial lamps whose ultraviolet light intensity is a 12000 [pW/cm 2 ] will 
reduce the exposure time to about 20 minutes. (In this case, the integrated dose is 
12000 [v»W/cm 2 ] x (20x 60) [sec] » 15 [W • sec/cm 2 ].) 

The TC57H1024D erasure begins to occur when exposed to light with wavelength shorter 

o o 

than 4000A. The sunlight and the flourescent lamps will include 3000^4000A wavelength 
components. Therefore when used under such lighting for extended periods of time, 
the opeque seals - Toshiba EPROM Protect Seal AC901 - are available. 


[operation information] 


The TC57H1024D six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



HH 


OE 

PGM 

Vpp 


DO 'v D15 

POWER 

READ 

OPERATION 

Read 

n 

D 



5V 

Data Out 

Active 

Output Deselect 

* 

H 

* 


Standby 

H 

* 

* 


Standby 

PROGRAM 

OPERATION 

(Ta=25±5°C) 

Program 

L 

* 

L 



Data In 

Active 

Program Inhibit 

H 

* 

* 

High Impedance 

L 

H 

a 

Program Verify 

L 

L 

a 

Data Out 


Note: H; V IH , L; V IL , *; V IH or V IL 
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IREAD HOPEI 

The TC57H1024D has three control functions. The chip enable (CE) controls the 
operation power and should be used for device selection. 

The output enable (OE) control the output buffers, independent of device selection. 
Assuming in that CE=OE=Vjl and PGM=Vj^, the output data is valid at the output after 
address access time from stabilizing of all addresses. 

The CE to output valid (t C g) is equal to the address access time 

Assuming that CE=Vjl, PGM=V-j- h and all addresses are valid, the output data is valid at 
the outputs after tQ£ from the falling edge of OE. 

lOUTPUT DESELECT MODE| 

Assuming that CE=Vj H or OE-Vj^, the outputs will be in a high impedance state. 

So two or more ROMs can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 

[STANDBY M0DE| 

The TC57H1024D has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TC57H1024D is placed in the standby mode 
which reduce the operating current to lOOpA by applying MOS-high level (V^c) and then 
the outputs are in a high impedance state, independent of the OE inputs. 

I PROGRAM MODEl 

Initially, when received by customers, all bits of the TC57H1024D are in the "l" state 
which is erased state. 

Therefore the program operation is to introduce "0's" data into the desired bit 
locations by electrically programming. 

The levels required for all inputs are TTL. The TC57H1024D can be programmed any 
location at anytime - either individually, sequentially, or at random. 
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|PROGRAM VERIFY MODE| 

The verify mode is to check that the desired data is correctly programmed on the 
programmed bits. 

The verify is accomplished with OE and CE at Vjl and PGM at V^p. 

[PROGRAM INHIBIT M00E| 

Under the condition that the program voltage (+12.75V) is applied to Vpp terminal, a 
high level CE or PGM input inhibits the TC57H1024D from being programmed. 

Programming of two or more EPROMs in parallel with different data is easily ac¬ 
complished. That is, all inputs except for CE or PGM may be commonly connected, and a 
TTL low level program pulse is applied to the CE and PGM of the desired device only 
and TTL high level signal is applied to the other devices. 


I HIGH SPEED PROGRAM OPERATIONl 

The device is set up in the high speed programming mode when the programming voltage 
(+12.75V) is applied to the Vpp terminal with Vqq= 6.25V and PGM«V IH . 

The programming is achieved by applying a single TTL low level 0.1ms pulse the PGM 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 
then programmed data is verified. This should be repeated until the program operates 
correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 
with V£c=Vpp=5V. 
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HIGH SPEED PROGRAM OPERATION 


FLOW CHART 
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I ELECTRIC SIGNATURE M0D?| 

Electric signature mode allows to read out a code from TC57H1024D which identifies 
it's manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TC57H1024D by using this mode before program operation and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the rest 
of address lines is set to Vjl in read operation. Data output in this conditions is 
manufacturer code. Device code is identified when address AO is set to Vp^. 

These two codes possess an odd parity with the parity bit of (07). 

The following table shows electric signature of TC57H1024D. 


PINS 

SIGNATURE^-^^ 

A0 

015 

014 

013 


Oil 

01C 

09 

08 

07 

06 

05 

04 

03 

02 

01 

00 

HEX. 

DATA 

Manufacture Code 

VlL 

B 

B 

B 

a 

B 

B 

BB 

fl 

fl 

B 


1 

1 

0 

0 

0 

**98 

Device Code 

VlH 

B 

B 

E 

B 

B 

B 


B 

B 

B 


0 

1 

0 

0 

1 
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Notes: A9<L2V±0.5V, A1^A8, A10^A15, CE, 0E=V IL> PGM=V IH *: Don*t Care 


DC AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V ID 

A9 Auto Select Voltage 

11.5 

12.0 

12.5 

V 
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32 ±0.7 A , 6.1 MAX, 
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OUTLINE DRAWINGS 

Unit in mm 


52.6 MAX. 


8.9 TYP. 



0.4 6 ±0.0 5 


Note 1 


Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their 
true longitudinal position with respect No.l and No.40 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA BIOS MEMORY PRODUCTS 


[description] 


TC58257AP/AF-17LV, TC58257AP/AF-20LV 
TC58257AP/AF-25LV 


TC58257AP/AF is a 32,768 word x 8 bit electrically chip erasable and programmable read 
only memory, and molded in a 28 pin plastic package. The TC58257AP/AF 1 s access time is 
170ns/200ns/250ns, and has low power standby mode which reduces the power dissipation 
without increasing access time. The electrical characteristics are the same as U.V.EPROM 
TC57256AD 1 s. For program operation, the programming is achieved by using the high speed 


programming mode. The TC58257AP/AF has an ele^ 
whole bits at the same time. 

jFEATURESl 

• Peripheral circuit: CMOS 

Memory cell : NMOS 

• Fast access time: TC58257AP/AF-17LV 170ns 

TC58257AP/AF-20LV 200ns 

TC58257AP/AF-25LV 250ns 

• Low power dissipation 

Active : 30mA/5.9MHz 

Standby: lOOpA 


trically chip erasing mode which can erase 

• Full static operation 

• High speed programming mode 

• Electrically chip erasing mode 

• Inputs and outputs TTL compatibility 

• Pin compatible with MASK ROM TC53257P, 

TMM23256P, EPROM TMM27256D/AD, and 
TC57256D/AD, one time PROM 
TMM24256P/AP/AF and TC54256P/AP/AF 

• Standard 28 pin DIP 

plastic package : TC58257AP 

• Plastic Flat package: TC58257AF 


I PIN CONNECTION] (TOP VIEW) 


Vpp C 1 
A12 C2 

A7C3 

A6C4 
A5C5 
A4C6 
A3 C 7 
A2 C 8 
A1 C 9 
AO C 10 
OOCll 
01 C 12 
02 C 13 
GNDC 14 


3 V CC 

□ A14 
i □ A1 3 

□ A8 

□ a9/T:rs 

□ All 

□ OE 

□ A10 

□ CE 

□ 07 

□ 06 

□ 05 

□ 04 

□ 03 


Ipim names] 



<r 

i—i 

c 

£ 

Address Inputs 

o 

o 

<? 

o 

"4 

Output (Input) 

CE 

Chip Enable 
Input 

OE 

Output Enable 
Input 

A9/ERS 

Address And 
Erase Control 
Input 

Vpp 

Program And 
Erase Power 
Supply Voltage 

VCC 

VcC Power 

Supply Voltage 

GND 

Ground 


MODE SELECTION 


Pin 

Mode 

CE 

OE 

A9 

Vpp 

VCC 

A0^A8 

(10^14) 

00 ^ 07 

Power 

Read 

L 

L 


5V 

5V 

* 

Data Output 

Active 

Output Deselect 

* 

H 

* 

* 

High Impedance 

Standby 

H 

* 

* 

* 

High Impedance 

Standby 

Program 

L 

H 

* 

12V 

5V 

* 

Data Input 

Active 

Program Inhibit 

H 

* 


* 

High Impedance 

Program Verify 

L 

T~ 

* 

* 

Data Out 

Chip Erase 

L 

H 

12V 

12V 

5V 

* 

Data FF(H)Input 

Active 

Chip Erase Inhibit 

H 


* 

High Impedance 


V IH or V IL 
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TC5B257AP/AF-17LV, TCS8257AP/AF-20LV 
TC58257AP/AF-25LV 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

. 

Vcc 

Vqc Power Supply Voltage 

-0.6* 7.0 

V 

V PP 

Program Supply Voltage 

-0.6^ 14.0 

V 

VlN 

Input Voltage 

-0.6 * 7.0 

V 

*1/0 

Input/Output Voltage 

-0.6 a, Vqq+0.5 

V 

Pd 

Power Dissipation 

1.5 

w 

T SOLDER 

Soldering Temperature • Time 

260 • 10 

°C * sec 

t stg 

Storage Temperature 

-65 a. 125 

°C 

t OPR 

Operating Temperature 

-10* 70 

°C 

New 

Erase Write Endurance 

100 

Cycles 


READ OPERATION 

DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 

v CC+0.3 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

4.50 

5.00 

5.50 

V 

Vpp 

Vpp Power Supply Voltage 

Vcc-0.6 

Vcc 

V CC+0.6 

V 


DC AND OPERATING CHARACTERISTICS (Ta— 10~ 70°C, V C c=5V±10%) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

V IN=°^ V CC 

- 

- 


yA 


Operating Current 

CE=0V 

f=5.9MHz 

- 

- 

hhm 

n 


f-lMHz' 

- 

- 

35 


Standby Current 

ce=v ih 

- 

- 

1 



CE=V CC -0.2V 

- 

- 


■ 


Output High Voltage 

I 0 B—400mA 

ESI 

- 


mm 


Output Low Voltage 

I 0L =2 * lmA 

- 

- 


V 

i ppi 

Vpp Current 

Vpp—Vcc~0.6*Vcc + 0.6 

- 

- 


B9 

Ilo 

Output Leakage Current 

v 0UT =0 *^ ^Vcc 

- 

- 

| 

nm 
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TC58257AP/AF-17 LV, TG58257AP/AF-20LV 
TC58257AP/AF-25LV 


AC CHARACTERISTICS (Ta=-10^ 70°C, V C c=5V±10%, V PP =V CC ±0.6V) 


SYMBOL 

PARAMETER 

— 

TEST CONDITION 

-17 

-20 

-25 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

MIN. 

MAX. 

’-ACC 

Address Access Time 

CE=0E=Vil 

- 

170 

- 

200 

- 

250 

ns 

t CE 

CE to Output Valid 

OE=Vil 

- 

170 

- 

200 

- 

250 

ns 

c OE 

OE to Output Valid 

CE=Vil 

- 

70 

- 

70 

- 

100 

ns 

t DFl 

CE to Output in High-Z 

oe=v il 

0 

60 

0 

60 

0 

90 

ns 

t DF2 

OE to Output in High-Z 

cf=v IL 

0 

60 

0 

60 

0 

90 

ns 

t 0H 

Output Data Hold Time 

ce=oe=v il 

0 

- 

0 

- 

0 

- 

ns 


AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and C;L=100pF 
10ns Max. 

0.45V^ 2.4V 

Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 


CAPACITANCE *(Ta=25°C, f=lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C IN 

Input Capacitance 

v IN =ov 

- 

4 

6 

pF 

Cqut 

Output Capacitance 

V OUT =OV 


8 

12 

, PF 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 
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TC58257AP/AF-17LV, TC58257AP/AF-20LV 
TC58257AP/AF-25LV 


PROGRAM OPERATION 

DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 

Vcc+1.0 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

v C c 

V CC Power Supply Voltage 

4.5 

5.0 

5.5 

V 

V PP 

Vpp Power Supply Voltage 

11.5 

12.0 

12.5 

V 


DC AND OPERATING CHARACTERISTICS (Ta=-10^ 70°C, V CC =5.0V±10%, V PP =12.0V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX, 

UNIT 

X LI 

Input Current 

Vin-O'v, Vcc 

- 

- 

10 

yA 

v OH 

Output High Voltage 

I OH =-400yA 

2.4 

- 

- 

V 

VOL 

Output Low Voltage 

IOL-2.1mA 

- 

- 

0.4 

V 

icc 

VCC Supply Current 

- 

- 

- 

40 

mA 

I PP2 

VpP Supply Current 

V PP=13.0V 

- 

- 

50 

mA 


AC PROGRAMMING CHARACTERISTICS (Ta=-10'WO°C, V CC =5.0V±10%, V PP =12.0V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

- 

- 

liS 

t AH 

Address Hold Time 

- 

2 

- 

1 


tCES 

CE Setup Time 

- 

2 

- 

mm 

ys 

tCEH 

CE Hold Time 

- 

2 

warn 

- 

ys 

t OES 

0E Setup Time 

- 

2 

■ ■ 

- 

ys 

tOEH 

OE Hold Time 

- 

2 


- 

ys 

tDS 

Data Setup Time 

- 

2 


- 

y s 

tDH 

Data Hold Time 

- 

2 

- 

- 

ys 

tvs 

VpP Setup Time 

- 

2 

- 

- 

ys 

tpw 

Initial Program Pulse Width 

CE=Vil, OE=Vih 


1.0 



tOPW 

Overprogram Pulse Width 

Note 1 

0.95 

1.0 

26.25 

ms 

C DV 

CE to Output Valid 

OE=Vjl 

- 

- 

1 

ys 


CE to Output in High-Z 

0E=Vil 

- 

- 


ns 


AC TEST CONDITIONS 


• Output Load : 

• Input Pulse Rise and Fall Times : 

• Input Pulse Levels : 

• Timing Measurement Reference Level: 

Note 1: The length of the overprogram 
value X. 


1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V ^ 2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 
pulse may vary as a function of the counter 
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TC58257AP/AF-17 LV, TC58257AP/AF-20LV 
TC58257AP/AF-25LV 


TIMING WAVEFORMS (PROGRAM) 
(Vcc=5.°V ±10 % > Vpp-12.0V±0.5V) 



Note 1. Vqq must be applied simultaneously or before Vpp and cut off simultaneously 
or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp-12.0V 
may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. 

So the voltage over 14V should not be applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the overshoot 
voltage of its pulse should not be exceeded 14V. 
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TC58257AP/AF-17 LV, TC58257AP/AF-20LV 
TC58257AP/AF-25LV 


ERASE OPERATION 

DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 


V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

v C c 

V CC Power Supply Voltage 

4.5 

5.0 

5.5 

V 

Vpp 

V PP Power Supply Voltage 

11.5 

12.0 


mm 

V IHH 

Input High Voltage H 

11.5 

12.0 

12.5 

um 


DC AND OPERATING CHARACTERISTICS (Ta=-10'W0°C, V CC =5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

VlN=0^V CC 

- 

- 



I LIE 

A9/ERS Input Current 

A9/ERS=0 'V' VxhH 

- 

- 



lee 

VcC Supply Current 

- 

- 

j 



I PP 2 

Vpp Supply Current 

V PP ~12.5V 

- 

- 




AC ERASING CHARACTERISTICS (Ta*-10~ 70°C, V CC =5V±10%, V pp =12.0V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

*-CES 

CE Setup Time 

- 

2 

- 

- 

ys 

t CEH 

CE Hold Time 

- 

2 

- 

- 



OE Setup Time 

- 

2 

- 

- 

ys 


OE Hold Time 

- 


- 

- 

HEH 

t DS 

Data Setup Time 

- 

2 

- 

- 

MSM\ 

t DH 

Data Hold Time 

- 


- 

- 

ys 


Vpp Setup Time 

- 

2 

- 

- 

ys 

C VH 

V PP Hold Time 

- 


- 

“ 

ys 

IMI 

A9/ERS Setup Time 

- 


- 

- 



A9/ERS Hold Time 

- 

2 

- 

- 

ys 


Erase Pulse Width 

CE=Vil,0!=Vih,A9=VihH 





Hia 

CE to Output in High-Z 

0E=Vil 

- 


150 

ns 


Input Pulse Rise and Fall Time: 10ns Max. 
Input Pulse Levels : 0.45Va, 2.4V 
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TC58257AP/AF-17LV, TC58257AP/AF-20LV 
TC58257AP/AF-25LV 


TIMING WAVEFORMS (ERASE) 
(V CC =5V±10%, V PP =12.0V±0.5V) 



Note 1. Vqq must be applied simultaneously or before Vpp and cut off simultaneously 
or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.0V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for erase operation. 

So the voltage over 14V should not be applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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TC58257AP/AF-17LV, TC58257AP/AF-20LV 
TC58257AP/AF-25LV 


Read 

Pin 

§n 





00 'v 07 


Read 

Operation 

Read 

L 

L 

* 



Data Out 

Active 

Output Deselect 

* 

H 

* 

5V 

5V 

High Impedance 

Standby 

H 

* 

* 



High Impedance 

Standby 

Program 

Operation 

Program 

L 

H 

* 

. 


Data In 


Program Inhibit 

H 

* 

* 

12V 

5V 

High Impedance 

Active 

Program Verify 

L 

L 

* 



Data Out 


Erase 

Erase 

L 

H 

12V 

12V 

5V 

Data FF(H) Input 

Active 

Operation 

Erase Inhibit 

H 

* 

High Impedance 


Note: H; V IH , L; V IL> *; V IH or V IL 


READ MODE 

The TC58257AP/AF has two control functions. The chip enable (CE) controls the operation 
power and should be used for device selection. The output enable (OE) control the 
output buffers, independent of device selection. Assuming that CE=OE=Vjx J , the output 
data is valid at the outputs after address access time from stabilizing of all ad¬ 
dresses. The CE to output valid (t^ E ) is equal to the address access time (t^cc)• 
Assuming that CE=ViL and all addresses are valid, the output data is valid at the 
outputs after tQE from the falling edge of OE. 


OUTPUT DESELECT MODE 

Assuming that CE=Vj E or OE=Vjp[, the outputs will be in a high impedance state. So two 
or more TC58257AP/AF 1 s can be connected together on a common bus line. When CE is 
decoded for device selection, all deselected devices are in low power standby mode. 

STANDBY MODE 

The TC58257AP/AF has a low power standby mode controlled by the CE signal. By applying 
a high level to the CE input, the TC58257AP/AF is placed in the standby mode which re¬ 
duce the operating current to lOOyA by applying MOS-high level (V^c) and then the 
outputs are in a high impedance state, independent of the OE inputs. 
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TC58257AP/AF-17LV, TC58257AP/AF-20LV 
TC58257AP/AF-25LV 


PROGRAM MODE 

Initially, when received by customers, all bits of the TC58257AP/AF are in the "1” state 
which is erased state. Therefore the program operation is to introduce "O's" data into 
the desired bit locations by electrically programming. The TC58257AP/AF is in the 
programming mode when the Vpp input is at 12V and CE is at TTL-Low under OE=Vjp. 

The TC58257AP/AF can be programmed any location at anytime either individually, 
sequentially, or at random. 


PROGRAM VERIFY MODE 

The verify mode is to check if desired data is correctly programmed on the programmed 
bits. The verify is accomplished with OE at Vpp. 


PROGRAM INHIBIT MODE 

Under the condition that the program voltage (+12.OV) is applied to Vpp terminal, a high 
level CE input inhibits the TC58257AP/AF from being programmed. Programming of two or 
more TC58257AP/AF T s in parallel with different data is easily accomplished. That is, 
all inputs except for CE may be commonly connected, and a TTL low level program pulse 
is applied to the C7E of the desired device only and TTL high level signal is applied 
to the other devices. 


HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by using this high speed programming mode. 
The device is set up in the high speed programming mode when the programming voltage 
(+12.OV) is applied to the Vpp terminal with Vcc~5.0V. The programming is achieved by 
applying a single TTL low level lOOys pulse to the CE input after addresses and data 
are stable. Then the programmed data is verified by using Program Verify Mode. If 
the programmed data is not correct, another program pulse of lOOys is applied and 
then the programmed data is verified. The should be repeated until the program 
operates correctly (max. 25 times). 


- J-11 



TC58257AP/AF-17LV, TC58257AP/AF-20LV 
TC58257AP/AF-25LV 


When programming has been completed, the data in all addresses should be verified with 
V cc =Vpp=5V. 


CHIP ERASE MODE 

The TC58257AP/AF is in chip erase mode when the Vpp input is 12.0V and CE is at TTL-Low 
level under the condition of A9=12V, OE^V-j-^. The chip erase pulse width is only 2 sec. 
Once chip is erased, all bits of the device are in ”1” state. 

ERASE INHIBIT 

Under the condition that the erase voltage (12.0V) is applied to Vpp terminal and 12V 
is to A9 input, TTL-High level CE input inhibits the TC58257AP/AF from being erased. 
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TC58257AP/AF-17LV, TC58257AP/AF-20LV 
TC58257AP/AF-25LV 


HIGH SPEED PROGRAM MODE FLOW CHART 
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TC58257AP/AF-17 LV, TG58257AP/AF-20LV 
TC58257AP/AF-25LV 


ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TC58257AP/AF which indent- 
ifies its manufacture and device type. 

The programming equipment may read out manufacturer code and device code from 
TC58257AP/AF by using this mode before program operation and automatically set 
program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjp in read operation. Data output in this con¬ 
ditions is manufacturer code. Device code is identified when address AO is set to 
V IH- These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electric signature of TC58257AP/AF. 


PINS 

AO 

07 

06 

05 

04 

03 

02 

01 

00 

HEX. 

SIGNATUR^\^ 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 

VlL 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

VlH 

0 

0 

1 

0 

0 

1 

0 

1 

25 


Notes: A9 S =12V±0.5V 

A1%A8, A10^A14, CE, 0E=V IL 
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TC58257AP/AF-17 LV, TC58257AP/AF-20LV 
TC58257AP/AF-2SLV 


OUTLINE DRAWINGS (TC5S257AP) 


Unit in mm 



28 15 



3 7.0 ±0.2 


1.99TYP. 



Note: Package width and length do not include mold protrusion, allowable mold 

protrusion is 0.15mm. 
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OUTLINE DRAWINGS (TC58257AF) 


Unit in mm 


1 8.5 ±0.2 



Note: Package width and length do not include mold protrusion, allowable mold 

protrusion is 0.15mm. 
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TOSHIBA MOS MEMORY PRODOCTS 

TMM24256BP/BF-17, -20 


[description! 

The TMM24256BP/BF is a 32,768 words* 8 bits one time programmable read only memory, 
and molded in a 28 pin plastic package. 

The TMM24256BP/BF 1 s access time is 170ns/200ns, and has low power standby mode which 
reduces the power dissipation without increasing access time. 

The electrical characteristics and programming method are the same as U.V. EPROM 
TMM27256BD 1 s. 

Once progamed, the TMM24256BP/BF can not be erased because of using plastic DIP without 
transparent window. 


iFEATURESl 



-17 

-20 

Vcc 

5V±5% 

t ACC 

170ns 

200ns 

I CC2 

100mA 

I CCI 

30mA 


[PIN CONNECTION! (TOP VIEW) 


VppC 
A12 [ 

A 7 [ 

A6 C 
A5 C 
A 4 [ 

A3 C 
A2 C 
A1 C 
AO [ 10 
O0 Cll 
01 C 12 
02 C 13 
GNDC 1 4 


28 b V CC 
27 3 Al 4 
26 3A13 
25 3 A8 
24 3 A9 


23 

22 

21 

20 

19 

18 


3 All 

3 OE 
3 A10 
3CE 
3 07 
3 06 


17 3 05 
16 3 04 
15 3 03 


• Full static operation 

• High speed programming mode I, 31 

• Inputs and outputs TTL compatible 

• Pin compatible with TMM27256D/AD/BD 

• Standard 28 pin DIP plastic package: TMM24256BP 

• Plastic Flat Package: TMM24256BF 

I BLOCK DIAGRAM] 

- V PP GND V CC OO 01 02 03 04 05 06 07 



Ipin names! 


I HOPE SELECTION] 


AO ^ A14 

Address Inputs 

00 ^ 07 

Outputs (Inputs) 

CE 

Chip Enable Input 

OE 

Output Enable Input 

Vpp 

Program Supply 
Voltage 

Vcc 

Power Supply 

Voltage (+5V) 

GND 

Ground 


n^H 

CE 

(20) 

OE 

(22) 

Vpp 

(1) 



POWER 

Read 

L 

L 



Data Out 

Active 

Output Deselect 

mm 


High Impedance 

Standby 

mm 


High Impedance 

Standby 

Program 

L 

mm 


6v 1>} 

2) 

6.25V 

Data In 

Active 

Program Inhibit 


mm 


Program Verify 


L 

Data Out 


*: H or L 1): HIGH SPEED PROGRAMMING MODE I 

2): HIGH SPEED PROGRAMMING MODE H 
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TMM24256BP/BF-17, -20 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

V C C 

V CC Power Supply Voltage 

-0.6 % 7.0 

V 

Vpp 

Program Supply Voltage 

-0.6% 14.0 

V 

V XN 

Input Voltage 

-0.6% 7.0 

V 

esih 

Input/Output Voltage 

-0.6 % 7.0 

V 


Power Dissipation 

1.0/0.6* 

w 

t SOLDER 

Soldering Temperature • Time 

260 • 10 

°C • sec 

t STG 

Storage Temperature 

-55% 150 

°C 

t opr 

Operating Temperature 

0% 70 

°C 


*: Plastic Flat Package 
READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.0 

- 


mm 

VlL 

Input Low Voltage 

-0.3 

- 

00 

o 

El 

v C c 

^CC Power Supply Voltage 

4.75 


5.25 

i 

Vpp 

Vpp Power Supply Voltage 

2.0 


VcC+0.6 

mm 


D.C. AND OPERATING CHARACTERISTICS (Ta=0'W0°C, V CC =5V±5%) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

v IN =°^ v cc 

- 

- 

±10 

yA 

I CC1 

Supply Current (Standby) 

CE=Vih 

- 

- 

30 

mi 

I CC2 

Supply Current (Active) 

ce=v il 

- 

- 

100 

mi 

V 0H 

Output High Voltage 

l0H=-4OOyA 

2.4 

- 

- 

V 

< 

o 

r* 

Output Low Voltage 

I 0L =2 * lmA 

- 

- 

0.4 

V 

i ppi 

Vpp Current 

Vpp= 0 'v VCC+0.6V 

- 

- 

±10 

pA 

Tlo 

Output Leakage Current 

V O ut=0.4V % Vcc 

- 

- 

±10 

yA 
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TMM24256BP/BF-17, -20 


A.C. CHARACTERISTICS (Ta=0'W0°C, V CC =5V±5%, V PP =2.0V^ V CC +0.6V) 


SYMBOL 

PARAMETER 

TMM24256BP/BF-17 

TMM24256BP/BF-20 

UNIT 

MIN. 

MAX. 



c ACC 

Address Access Time 

- 


- 

200 

ns 

C CE 

CE to Output Valid 

- 


- 

200 

ns 

c OE 

OE to Output Valid 

- 

70 


70 

ns 


CE to Output in High-Z 

0 

60 

0 

60 

ns 


OE to Output in High-Z 

0 

60 

0 

60 

ns 

tQH 

Output Data Hold Time 

0 

- 

0 

- 

ns 


A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 

CAPACITANCE* (Ta=25°C, f-lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C IN 

Input Capacitance 

VlN=0V 

- 

4 

6 

pF 

c OUT 

Output Capacitnace 

V OUT =0V 

- 

8 

12 

pF 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 


1 TTL Gate and C =100pF 
10ns Max. 

0.45V* 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 
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TMM24256BP/BF-17, -20 


PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE I) 
D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.0 

- 


V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

< 

O 

O 

Vcc Power Supply Voltage 

5.75 

6.0 



Vpp 

Vpp Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, V C c=6V±0.25V, V PP =12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

v IN =o % v cc 

- 

- 



VOH 

Output High Voltage 

IOH=-4°0yA 

2.4 

m 

- 

V 

hJ 

o 

> 

Output Low Voltage 

I 0L=2.1mA 

- 

warn 

0.4 

V 

I CC 

Vcc Supply Current 

- 

- 

- 

10C 

mA 

IpP2 

Vpp Supply Current 

Vpp=l3.0V 

- 

- 


mA 


A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V CC =6V±0.25V, V PP =12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 




UNIT 

t AS 

Address Setup Time 

- 


- 

- 

HEB 


Address Hold Time 

“ 

2 

- 

- 



CE Setup Time 

- 

0 

- 

- 

ns 


Cl Hold Time 

- 

0 

- 

- 


c 0ES 

OE Setup Time 

- 

2 

- 

- 

lia 

tDS 

Data Setup Time 

- 

2 

- 

- 

Hi 

fc DH 

Data Hold Time 

- 

2 

H 

- 

BH 

typs 

Vpp Setup Time 

- 


H 

- 


C vcs 

Vcc Setup Time 

- 

2 

- 

- 

ys 

tp W 

Initial Program Pulse Width 

ce=v il , oe=v ih 

K 



ms 

tOPW 

Overprogram Pulse Width 

Note 1 


3.0 

78.75 

ms 

C 0E 

OE to Output Valid 

ce=v ih 

- 

- 



C DFP 

OE to Output in High-Z 

CE=Vih 

- 

- 

■ 

ns 


A.C. TEST CONDITIONS 

• Output Load : 1 TTL Gate and Cl (lOOpF) 

• Input Pulse Rise and Fall Times : 10ns Max. 

• Input Pulse Levels : 0.45V^ 2.4V 

• Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V 

Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 


- K-6 — 
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PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE I) 
D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V IH 

Input High Voltage 

2.0 

- 

Vcc+1.0 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

v cc 

Vcc Power Supply Voltage 

6.0 

6.25 

6.5 

V 

Vpp 

Vpp Power Supply Voltage 

12.5 

12.75 

13.0 

V 


D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, V CC =6.25V±0.25V, V PP =12.75V+0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Current 

V IN=0 % Vcc 

- 

- 

±10 

pA 

v OH 

Output High Voltage 

Iqh-^oopa 

mm 

- 

- 

V 

V 0 L 

Output Low Voltage 

*OL = 2.1mA 

- 

- 

0.4 

V 

I cc 

Vcc Supply Current 

- 

- 

- 

100 

mA 

I PP2 

Vpp Supply Current 

V PP=13.0V 

- 

- 

50 

mA 


A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V CC =6.25V±0.25V, V PP =12.75V±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

tAS 

Address Setup Time 

- 

2 

- 

- 

ps 

C AH 

Address Hold Time 

- 

2 

- 

- 

MS 

c CES 

CE Setup Time 

- 

0 

- 

- 

ns 

t CEH 

CE Hold Time 

- 

0 

- 

- 

ns 

tOES 

OE Setup Time 

- 

2 

- 

- 

ps 

tDS 

Data Setup Time 

- 

2 

- 

- 

ps 

C DH 

Data Hold Time 

- 

2 

- 

- 

ps 

tVPS 

Vpp Setup Time 

- 

2 

- 

- 

P s 

tves 

V CC Setup Time 

- 

2 

- 

- 

■on 

C PW 

Program Pulse Width 

ce=v il , oe=v ih 

0.095 

0.1 

0.105 

ms 

t OE 

OE to Output Valid 

CE=Vih 

- 

- 

150 

ns 

t DFP 

OlT to Output in High-Z 

ce=v ih 

- 

- 

130 

ns 


A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate end C L (lOOpF) 

10ns Max. 

0.45V^ 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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TIMING WAVEFORMS (PROGRAM) 

HIGH SPEED PROGRAMMING MODE I (V CC =6V±0.25V, Vpp=12.5V±0.5V) 

HIGH SPEED PROGRAMMING MODE E (V CC =6.25V±0.25V, V PP =12.75V+0.25V) 



Note 1. must be applied simultaneously or before Vpp and cut off 

simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket 
with Vpp=12.5V±0.5V or Vpp=12.75V±0.25V may cause permanent damage 
to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, 
the overshoot voltage of its pulse should not be exceeded 14V. 
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OPERATION INFORMATION 


The TMH24256BP/BF’s six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 


—-___PIN-NAME (NUMBER) 
MODE ~~~~ '—- 



m 

V CC 

(28) 

00 ^ 07 

(11^13, 15 ^ 19) 

POWER 

Read Operation 

(Ta = 0 ^ 70°C) 

Read 

b 

D 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

D 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program Operation 

(Ta=25±5°C) 

Program 

L 

H 

i) 

12.5V 

2) 

12.75V 

i) 

6V 

2) 

6.25V 

Data In 

Active 

Program Inhibit 

H 

H 

High Impedance 

Program Verify 

* 

L 

Data Out 


Note: H; V IH , L; V IL , *; V IH or V IL 1); HIGH SPEED PROGRAMMING MODE I 

2); HIGH SPEED PROGRAMMING MODE II 


READ MODE 

The TMM24256BP/BF has two control functions. The chip enable (CE) controls the 
operation power and should be used for device selection. 

The output enable (OE) control the output buffers, independent of device selection. 
Assuming the CE=0 E=Vjl, the output data is valid at the outputs after address access 
time from stabilizing of all addresses. 

The CE to output valid (tCE) is equal to the address access time (t^cc)• 

Assuming that CE=Vjl and all addresses are valid, the output data is valid at the 
outputs after toE from the falling edge of OE. 

OUTPUT DESELECT MODE 

Assuming that CE=Vj^ or OE=Vjff, the outputs will be in high impedance state. 

So two or more TMM24256BP/BF 1 s can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 
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STANDBY MODE 

The TMM24256BP/BF has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TMM24256BP/BF is placed in the standby 
mode which reduce the operating current to 30raA from 100mA (about 70% reduction) by 
applying TTL-high level and then the outputs are in a high impedance state, 
independent of the OEf inputs. 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM24256BP/BF are in the 
"1" state which is erased state. 

Therefore the program operation is to introduce "0’s" data into the desired bit 
locations by electrically programming. 

The TMM24256BP/BF is in the programming mode when the Vpp input is at 12.5V or 12.75V 
and CE is at TTL-Low level under OE=Vpp. 

The TMM24256BP/BF can be programmed any location at anytime either individucally, 
sequentially, or at random. 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed on the 
programmed bits. 

The verify is accomplished with OE at Vpp i anc * CE at Vpp or Vpp. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (12.5V or 12.75V) is applied to 
Vpp terminal, a TTL high level CE input inhibits the TMM24256BP/BF from being 
programmed. 

Programming of two or more TMM24256BP/BF 1 s in parallel with different data is easily 
accomplished. That is, all inputs except for CE and OE" may be commonly connected, 
and a TTL Low level program pulse is applied to the CE" of the desired device only and 
TTL high level signal is applied to the other devices. 
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HIGH SPEED PROGRAMMING MODE I 

This high speed programming mode I is performed at Vqq= 6.0V and Vpp=12.5V» 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse with 
pulse width 3 times that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 
with Vcc=Vpp=5V. 

HIGH SPEED PROGRAMMING MODE E 

The program time can be greatly decreased by using this high speed programming 
mode H. This high speed programming mode E is performed at Vcc = 6.25V and 
Vpp-12,75V. The programming is achieved by applying a single TTL low level 0.1ms 
pulse to the CE input after addresses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 
with V(3Q=Vpp=5V. 
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HIGH SPEED PROGRAMMING MODE I FLOW CHART 

Q START J 


V cc = 6.0 ±0.2 5 V 
V pp = 1 25 ± 0.5 V 

.I . 

ADDRESS 

= START ADDRESS 


YES 


X = 0 



0VERPROGRAM 3X PULSES OF 1msec 
OR ONE PULSE OF 3X msec DURATION 


V C C = 5-0 V 
Vpp = 5.0 V 




ADDRESS 
= NEXT ADDRESS 
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HIGH SPEED PROGRAMMING MODE H FLOW CHART 
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ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TMM24256BP/BF which 
identifies its manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TMM24256BP/BF by using this mode before program operation and automatically set 
program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12y is applied to address line A9 and the 
rest of address lines is set to Vjl in read operation. Data ouptut in this con¬ 
ditions is manufacturer code. Device code is identified when address AO is set to 
These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electric signature of TMM24256BP/BF. 


PINS 

AO 

07 

06 

05 

04 

03 

02 

01 

00 

HEX. 

SIGNATURE^-^^^ 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 

VlL 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

VlH 

0 

1 

0 

1 

0 

1 

0 

0 

54 


Notes: A9=12V±0.5V 

A1^A8, A10^A14, CE, 0E=V IL 
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OUTLINE DRAWINGS (TMM24256BP) 

Unit in mm 





Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of 
their true longitudinal position with respect No.l and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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OUTLINE DRAWINGS (TMM24256BF) 

Unit in mm 


28 15 



Note: Lead pitch is 1.27 and tolerance is ±0.12 against theoretical 
center of each lead that is obtained on the basis of No.l and 
No.28 leads. 
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Idescription] 

The TMM24512AP/AF is a 65,536 words x 8 hits one time programmable read only memory, 
and molded in a 28 pin plastic package. The TMM24512AP/AF f s access time is 200ns/ 

250ns, and has low power standby mode which reduces the power dissipation without 
increasing access time. The electrical characteristics and programming method are 
the same as U.V. EPROM TMM27512AD f s. Once programed, the TMM24512AP/AF can not be 
erased because of using plastic DIP without transparent window. 


iFEATURESl 



-20 -25 

Vcc 

5V±5% 

c ACC 

200ns 250ns 

ICC2 

120mA 

I CC1 

35mA 


• Full static operation 

• High speed programming mode I, I 

• Inputs and outputs TTL compatible 

• Pin compatible with TMM27512D/AD 

• Standard 28 pin DIP plastic package: TMM24512AP 

• Plastic Flat Package : TMM24512AF 

1BLOCK DIAGRAM I 


I PIN CONNECTION! (TOP VIEW) 


AI5[ i 
A12C 2 
A7C 3 
A6C 4 
A5C 5 
A4C 6 
A3C 7 
A2C8 
A1C 9 
AOE 10 
00 C 11 
01C 12 
02C 13 
GNDC 14 


28 

27 

26 

25 

24 

23h 

22p 

21 

20 

19 

18 

17 

16h 

15h 


3 V CC 
3 A1 4 
3 A1 3 
3A8 
3 A9 
All 

OE/Vpp 

B A10 
CE 
07 
06 
P 05 
04 
03 


|PIN NAMES| 

AO ^ A15 

Address Inputs 

00 ^ 07 

Outputs (Inputs) 

CE* 

Chip Enable Input 

OE/Vpp 

Output / 

Enable / Program 
Input / Supply 
/ Voltage 

Vcc 

Power Supply 
Voltage (+5V) 

GND 

Ground 


OE < 
CE 

AO 
Al * 
A2 < 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
All 
Al 2 
Al 3 
Al 4 
Al 5 1 


V PP GND V cc 00 01 02 03 04 05 06 07 

_ 1 f m_L-l_LP 


OE , CE 

CIRCUIT 


I 


OUTPUT BUFFERS 


COLUMN 

64. 

DECODER 



COLUMN I/O 
CIRCUIT 



MEMORY CELL 
ARRAY 

65,536x 8 bits 


(MODE SELECTION I 


PIN 

MODE 

Kl 

■ 


00^ 07 

(1M3, 15^.19) 

POWER 

Read 

L 

L 


Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Standby 

H 

* 


Standby 

Program 

L 

mm 

6V 1 ) 

2) 

6.25V 

Data In 

Active 

Program Inhibit 

H 

BBi 

High Impedance 

Program Verify 

L 

L 

Data Out 


*: H or L 1); HIGH SPEED PROGRAMMING MODE I 

2); HIGH SPEED PROGRAMMING MODE H 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

v cc 

Vcc Power Supply Voltage 

-0.6% 7.0 

V 

Vpp 

Program Supply Voltage 

-0.6 % 14.0 

V 

V IN 

Input Voltage 

-0.6^ 7.0 

V 

V I/0 

Input/Output Voltage 

-0.6% 7.0 

V 

PD 

Power Dissipation 

1.0/0.6* 

W 

t solder 

Soldering Temperature • Time 

260 . 10 

°C.sec 

tstg 

Storage Temperature 

-55 ^ 150 

°C 

t opr 

Operating Temperature 

0 'WO 

°C 


*: Plastic Flat Package 
READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.0 

- 

Vcc+1.0 

V 

mam 

Input Low Voltage 

-0.3 

- 

0.8 

V 


Vcc Power Supply Voltage 

4.75 

5.00 

5.25 

V 


D.C. AND OPERATING CHARACTERISTICS (Ta=0'W0°C, V CC =5V±5%) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

v in= 0% Vcc 

- 

- 


pA 

l CCl 

Supply Current (Standby) 

CE=Vih 

- 

- 

35 

mA 

J CC2 

Supply Current (Active) 

CE=Vil 

- 

- 



PS 

O 

> 

Output High Voltage 

^OH^^OOpA 

Ksa 

- 

- 

V 

v OL 

Output Low Voltage 

lQL = 2-lniA 

- 

- 

EH 

V 

PPPI 

Vpp Current 

Vpp=0'v V C c+0•6V 

- 

- 

II 


I L0 

Output Leakage Current 

v OUT = ^•^V ^ v cc 

- 

- 

na 

pA 
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A.C. CHARACTERISTICS (Ta=0^70°C, V CC =5V±5%) 


SYMBOL 

PARAMETER 









Address Access Time 

- 

200 

- 

250 

ns 

1 

CE to Output Valid 

- 

200 

- 

250 

ns 

t OE 

OE to Output Valid 

- 

70 

- 

100 

BSH 


CE to Output in High-Z 

0 

60 

0 

90 

| 


OE to Output in High-Z 

0 

60 

0 

90 

BH| | 

t OH 

Output Data Hold Time 

0 

- 

0 

- 

ns 


A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and CL=100pF 
10ns Max. 

0.45V^ 2.4V 

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 


CAPACITANCE* (Ta=25°C, f=lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Bins! 

Input Capacitance 

V IN =0V 

- 

4 

6 

pF 


OE/Vpp Input Capacitance 

v IN =ov 

- 

50 

60 

pF 

I2333H 

Output Capacitance 

V 0UT =0V 

- 

8 

12 

pF 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 
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PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE I) 
D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 


Input High Voltage 

2.0 

- 

vcc+i-o 

V 

VlL 

Input Low Voltage 

~0.3 

- 

0.8 

V 

v C c 

V CC Power Supply Voltage 

5.75 

6.0 

6.25 

V 

V PP 

V PP Power Supply Voltage 

12.0 

12.5 

13.0 

V 


D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, V CC =6V±Q.25V, V PP =12.5Vt0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

v IN = 0^ v cc 

- 

- 

±10 

yA 

V 0 H 

Output High Voltage 

I O h=-400pA 

2.4 

- 

- 

V 

V 0 L 

Output Low Voltage 

I OL = 2.1mA 

- 

- 

0.4 

V 

I CC 

V CC Supply Current 

- 

- 

- 

120 

mA 

IpP2 

Vpp Supply Current 

Vpp=13.0V 

- 

- 

50 

mA 


A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V CC =6V±0.25V, V PP =12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

t AS 

Address Setup Time 

- 

2 

- 

- 

Km 

C AH 

Address Hold Time 

- 

2 

- 

- 

HBj 

c OES 

OE/Vpp Setup Time 

- 

2 

- 

- 

mm 

t OEH 

OE/Vpp Hold Time 

- 

2 

- 


y s 

C PRT 

OE/Vpp Pulse Rise Time 

- 

50 

- 

- 

ns 

C DS 

Data Setup Time 

- 

2 

- 

- 

ys 

C DH 

Data Hold Time 

- 

2 

- 

- 

ys 

qsuh 

OE/Vpp Recovery Time 

- 

2 

- 

- 

ys 


Vcc Setup Time 

- 

2 


- 

■Si 

mm 

Initial Program Pulse Width 

CE=Vil, oe/v pp =v pp 

0.95 

1.0 

KK9 

i s 

[OSH 

Overprogram Pulse Width 

Note 1 

2.85 

3.0 

m3 

■■ 


Data Valid from CE 

OE/Vpp=V IL 

- 

- 

i 

i 

tDF 

CE to Output in High-Z 

0E/Vpp=VpL 

- 

- 

130 

ns 


A.C. TEST CONDITIONS 

• Output Load : 

• Input Pulse Rise and Fall Times : 

• Input Pulse Levels : 

• Timing Measurement Reference Level: 

Note 1: The length of the overprogram 
value X. 


1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V% 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 


pulse may vary as a function of the counter 
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PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE II) 


D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.0 

- 

V CC+1.0 

V 

VlL 

Input Low Voltage 

“0.3 

- 

0.8 

V 

v cc 


6.0 

6.25 

6.5 

V 

v PP 

V PP Power Supply Voltage 

12.5 

12.75 

13.0 

V 


D.C. AND OPERATING CHARACTERISTICS (Ta°25±5°C, Vcc-6.25VtO.25V, V PP =12.75V±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

v IN=0^ Vcc 

- 

- 

±10 

pA 

V OH 

Output High Voltage 

I 0 H=-400yA 

MEM 

- 

“ 

V 

< 

o 

t-* 

Output Low Voltage 

I OL =2 « lmA 

- 

- 


V 

I cc 

V CC Supply Current 

- 

- 

- 

120 

mA 

IPP2 

V PP Supply Current 

V pp =13.0V 

- 

- 

50 

mA 


A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V CC =6.25V±0.25V, V PP =12.75V±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C AS 

Address Setup Time 

- 

2 

- 

- 

VS 

C AH 

Address Hold Time 

“ 

2 

- 

■ ■ 

VS 

*-0ES 

OE/Vpp Setup Time 

- 

2 

“ 

mm 

Vs 

c OEH 

OE/Vpp Hold Time 

“ 

2 

- 

- 

VS 

C PRT 

OE/Vpp Pulse Rise Time 



- 

- 

ns 

C DS 

Data Setup Time 

- 

2 

- 

- 

VS 

fc DH 

Data Hold Time 

- 

2 

- 

- 

y s 

C VR 

OE/Vpp Recovery Time 

- 

2 

- 

- 

vs 

tvcs 

VCC Setup Time 

- 

2 

- 

- 

VS 

C PW 

Program Pulse Width 

ce=v il , o!/v pp =v pp 

0.095 



ms 

t DV 

Data Valid from CE 

6l/Vpp=v IL 

- 

- 

i 

y s 

C DF 

CE to Output in High-Z 

oe/v pp =v il 

- 

- 


ns 


A.C. TEST CONDITIONS 

• Output load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and C L (lOOpF) 

10ns Max, 

0.45V^ 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 
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TIMING WAVEFORMS (PROGRAM) 

HIGH SPEED PROGRAMMING MODE I (V CC =6V±0.25V, V pp =12.5V±0.5V) 

HIGH SPEED PROGRAMMING MODE H (V cc =6.25V±0.25V, V pp =12.75V±0.25V) 



Note 1. V^c must be applied simultaneously or before V PP and cut off 
simultaneously of after Vpp. 

2. Removing the device from socket and setting the device in socket 
with Vpp=12.5V±0.5V or Vpp=12.75V±0.25V may cause permanent damage 
to the device. 

3. The V pp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the V pp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, 
the overshoot voltage of its pulse should not be exceeded 14V. 
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OPERATION INFORMATION 


The TMM24512AP/AF's six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 


^ ^(NUMBER) 

MODE "— _____ 

CE 

(20) 

OE/Vpp 

(22) 

v cc 

(28) 

00 ^ 07 

(11 ^ 13, 15 19) 

POWER 

Read Operation 

(Ta=0% 70°C) 

Read 

L 

L 

5V 

Data Out 

Active 


H 

H 

High Impedance 

Standby 

■a 

* 

High Impedance 


Program Operation 

(Ta=25±5°C) 

Program 

n 


6V 1 ) 

6.25V 2 ^ 

Data In 


Program Inhibit 




Program Verify 

B 

L 

Data Out 


Note: H; V IH , L; V IL , *; V IH or V IL 1); HIGH SPEED PROGRAMMING MODE I 

2); HIGH SPEED PORGRAMMING MODE 3E 


READ MODE 

The TMM24512AP/AF has two control functions. The chip enable (CE) controls the 
operation power and should be used for device selection. The output enable (OE) 
control the output buffers, independent of device selection. Assuming the CE=OE=ViLj 
the output data is valid at the outputs after address access time from stabilizing 
of all addresses. The CE to ouptput valid (t^g) is equal to the address access time 
(tACC)• Assuming that CE=Vjl and all addresses are valid, the output data is valid 
at the outputs after tog from the falling edge of OE. 

OUTPUT DESELECT MODE 

Assuming that CE=Vjg or OE=Vpg, the outputs will be in a high impedance state. 

So two or more TMM24512AP/AF 1 s can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 
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TMM24512AP/AF-20, -25 


STANDBY MODE 

The TMM24512AP/AF has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TMM24512AP/AF is placed in the standby 
mode which reduce the operating current to 35mA from 120mA (about 70% reduction) by 
applying TTL-high level and then the outputs are in a high impedance state, 
independent of the OE inputs. 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM24512AP/AF are in the 
"1" state which is erased state. Therefore the program operation is to introduce 
"0 T s n data into the desired bit locations by electrically programming. The TMM24512AP/AF 
is in the programming mode when the OE/Vpp input is at 12.5V or 12.75V and CE* is at 
TTL-Low level. The TMM24512AP/AF can be programmed any location at anytime either 
individually, sequentially, or at random. 


PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed on the 
programmed bits. 

The verify is accomplished with "CE at Vjl and OE/Vpp at Vj^. 

PROGRAM INHIBIT MODE 

Under the condition that program voltage (12.5V or 12.75V) is applied to Vpp 
terminal, a TTL high level CE" input inhibits the TMM24512AP/AF from being programmed. 
Programming of two or more TMM24512AP/AF*s in parallel with different data is easily 
accomplished. That is, all inputs except for CE and OE may be commonly connected, 
and a TTL Low level program pulse is applied to the CE of the desired device only 
and TTL high level signal is applied to the other devices. 
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HIGH SPEED PROGRAMMING MODE I 

This high speed programming mode I is performed at VcC~ 6.0V and OF/Vpp=12.5V 
The programming is achieved by applying a single TTL low level 1ms pulse to the CE 
input after addresses and data are stable. Then the programmed data is verified 
by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse with 
pulse width 3 times that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 
with V CC -5V. 


HIGH SPEED PROGRAMMING MODE E 

The program time can be greatly decreased by using this high speed programming 
mode E. This high speed programming mode E is performed at Vcq= 6.25V and OE/Vpp= 
12.75V. The programming is achieved by applying a single TTL Tow level 0.1ms pulse 
to the CE input after addresses and data stable. Then the programmed data is 
verified by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied 
and then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 
with Vcc=5V. 
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HIGH SPEED PROGRAMMING MODE I FLOW CHART 



ADDRESS OVERPROGRAM 3X PULSES OF 1msec 

=NEXT ADDRESS OR ONE PULSE OF 3X msec DURATION 
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HIGH SPEED PROGRAMMING MODE I FLOW CHART 


v cc = 6.2 5 ±0.2 5 V 
V pp = 1 2.7 5 ± 0.2 5 V 

_i _ 

' ADDRESS 
=START 

ADDRESS 





X = 

= 0 





PROGRAM : 

TPW= 0.1ms 


TMM24512AP/AF-20, -25 


ADDRESS 

= NEXT ADDRESS 


READ : ONE BYTE. 

jL° k 

LAST ADDRESS?. 

{YES 
V cc = 5.0 V 


READ 

^ALL BYTES 











TMM24512AP/AF-2Q, -25 


ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TMM24512AP/AF which 
identifies its manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TMM24512AP/AF by using this mode before program operation and automatically set 
program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to VpL in read operation. Data output in this conditions 
is manufacturer code. Device code is identified when address AO is set to 
These two codes possess an odd parity with the parity bit of MSB (07). 

The fallowing table shows electric signature of TMM24512AP/AF. 


PINS 

AO 

07 

06 

05 

04 

03 

02 

01 

00 

HEX. 

SIGNATURE 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 

gH 

n 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 


0 

0 

0 

1 

0 

1 

0 

1 

15 


Notes: A9=12V±0.5V 

A1^A8, A10^A15, CE, 0E=V IL 
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3.2MIN. , , I 5.2MAX. 


TMM24512AP/AF-20. >25 


OUTLINE DRAWINGS (TMM24512AP) 


Unit in mm 



Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of 
their true longitudinal position with respect No.l and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC54256AP/AF-150 


]description! 

The TC54256AP/AF is a 32,768 word x 8 bit one time programmable read only memory, and 
molded in a 28 pin plastic package. The TC54256AP/AF 1 s access time is 150ns and has 
low power standby mode which reduces the power dissipation without increasing access 
time. The electrical characteristics and programming method are the same as U.V. 
EPROM TC57256AD’s. Once programed, the TC54256AP/AF can not be erased because of 
using plastic DIP without transparent window. 


jFEATURESl 

• Peripheral circuit: CMOS 

Memory cell : N-MOS 

• Low power dissipation 

Active : 30mA/6.7MHz 
Standby: lOOyA 

• Fast access time: 150ns 

• Single 5V power supply 

• Full static operation 

• High speed programming mode I, H 

• Inputs and outputs TTL compatible 


| PIN CONNECTION! (TOP VIEW) 


V PPC 1 
A12C 2 
A7^3 

4 

5 


A6E 
A5C 
A4 C 6 
A3 C 
A2C 
A1C 
AO C 

O0C 

01 C 
02E 
GNDC 


3 V CC 

D A14 
3 A13 

□ A8 

□ A9 
3 All 
3 OE 
3 A10 

□ CE 
3 07 


18 3 06 
^3 05 
16 3 04 
15 3 03 


Pin compatible with ROM TC53257P, TMM23256P, 
EPROM TMM27256D/AD, TC57256D/AD, One time 
PROM TMM24256P/AP and TC54256P 
Standard 28 pin DIP plastic package: 

TC54256AP 

Plastic Flat Package: TC54256AF 



I PIN NAMESl_[MODE SELECTION] 


AO'WU.A 

Address Inputs 

PIN 

CE 

(20) 

OE 

(22) 

vpp 

(1) 

vcc 

(28) 

00 'v 07 

(11VL3, 15-V19) 

POWER 

OOX)7 

Outputs (Inputs) 

MODE 

CE 

Chip Enable Input 

Read 

L 

L 

5V 

5V 

Data Out 

Active 

OE 

Output Enable Input 

Output Deselect 

* 

H 

High Impedance 

Vpp 

Vcc 

GND 

Program Supply 
Voltage 

Vq£ Supply Voltage 
(+5V) 

Ground 

Standby 

H 

* 

High Impedance 

Standby 

Program 

L 

H 

12.^ 

2) 

12.75V 

2) 

6.25V 

Data In 

Active 

Program Inhibit 

H 

H 

High Impedance 

Program Verify 

* 

L 

Data Out 

* H or L 1); HIGH SPEED PROGRAM MODE I, 


2); HIGH SPEED PROGRAM MODE E 
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TC54256AP/AF-150 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

v cc 

Vcc Power Supply Voltage 

-0.6 % 7.0 

V 

V PP 

Program Supply Voltage 

-0.6 'vlA. 0 

V 

VlN 

Input Voltage 

i 

o 

CTv 

P 

o 

V 

V I/0 

Input/Output Voltage 

-0.6 'vVcc+O-S 

V 

P D 

Power Dissipation 

. . .j 

1.5 

W 

t solder 

Soldering Temperature Time 

260 • 10 

°C • sec 

t strg 

Storage Temperature 

-65 'v 125 

°C 

t opr 

Operating Temperature 

-40 ^85 

° C 


READ OPERATION 

DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 

Vcc+0.3 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

v cc 

Vcc Power Supply Voltage 

4.50 

5.00 

5.50 

Vpp 

Vpp Power Supply Voltage 

; v cc~ 0 * 6 

- 

v cc 

Vcc+0.6 


DC and OPERATING CHARACTERISTICS (Ta=-40 ^85°C, v cc =5V±10%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

*LI 

Input Current 

v IN =ov^v cc 



±10 

pA 

I CC01 

Operating Current 

CE=0V 

f=6.7MHz 

- 

- 

30 

mA 

X CC02 

f=1 MHz 


- 

15 

I CCS1 

Standby Current 

CE=Vih 

- 

- 

1 

mA 

TCCS2 

CE=V CC -0.2V 

- 

- 

100 

pA 

< 

O 

w 

Output High Voltage 

I 0H =-400yA 

2.4 

- 

- 

V 

v OL 

Output Low Voltage 

I 0L =2.1mA 


- 

0.4 

V 

I PP1 

Vpp Current 

Vpp=V cc ±0.6V 

- 

- 

±10 

pA 

I L0 

Output Leakage Current 

V OUT=0.4V 'v Vcc 

- 


±10 

pA 
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AC CHARACTERISTICS (Ta=-40 ^ 85°C, V CC=5V±10%, v PP=Vcc±0.6V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

MAX . 

UN IT 

c ACC 

Address Access Time 

ce-oe-v il 

- 

150 

ns 

t CE 

CE to Output Valid 

oe=v il 

- 

150 


OE to Output Valid 

CE=Vil 

- 

70 

C DF1 

CE to Output in High-Z 

oe=v il 

0 

60 

t DF2 

OE to Output in High-Z 

ce=v il 

! 

0 

60 

C 0H 

Output Data in Hold Time 

ce=oe=v il 

0 

- 


AC TEST CONDITIONS 


* Output Load 

* Input Pulse Rise and Fall Times 

* Input Pulse Levels- 

* Timing Measurement Reference Level 


1 TTL Gate and C L =100pF 
10ns Max. 

0.45Vv 2.4V 

Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 


CAPACITANCE '' (Ta=25°C, f-lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C IN 

Input Capacitance 

v nr ov 

- 

4 

6 

pF 

c OUT 

Output Capacitance 

V OUT =OV 

- 

8 

12 


* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 
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HIGH SPEED PROGRAM MODE I 


DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 

Vcc + 1.0 

V 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vqc Power Supply Voltage 

5.75 

6.0 

6.23 

V 

v pp 

Vpp Power Supply Voltage 

12.0 

12.3 

13.0 

V 


DC and OPERATING CHARACTERISTICS (Ta=25±5’ > C, V CC =6V±0.25V, V PP =12.5V+0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Current 

VlN=0 ^Vcc 

- 

- 

±10 

pA 

V OH 

Output High Voltage 

Ioh = "^^^^-6 

2.4 


- 

V 

V OL 

Output Low Voltage 

I OL =2 - lmA 

- 

_ 

0.4 

V 

I CC 

Vqq Supply Current 


- 

- 

30 

mA 

TPP2 

Vpp Supply Current 

Vpp=13.0V 

- 

- 

50 

mA 

VlD 

A9 Auto Select Voltage 

- 

11.5 

12.0 

12.5 

V 


AC PROGRAMMING CHARACTERISTICS (Ta=25±5°C, Vcc=6V+0.25V, V PP =12.5V+0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C AS 

Address Setup Time 

- 

2 

- 

- 

PS 

t AH 

Address Hold Time 

- 

2 

- 

- 

PS 

t CES 

CE Setup Time 

- 

0 

- 

- 

ns 

t CEH 

CE Hold Time 

- 

0 

- 

- 

ns 

t OES 

OE Setup Time 

- 

2 

- 

- 

PS 

tDS 

Data Setup Time 

- 

2 

- 

- 

PS 

t DH 

Data Hold Time 

- 

2 

- 

- 

ps 

11 VPS 

Vpp Setup Time 

- 

2 

- 

- 

PS 

t vcs 

Vqc Setup Time 


2 

- 

- 

PS 

t PW 

Initial Program Pulse Width 

ce=v il , oe=v ih 

0.95 ] 

1 

1.05 

ms 

t OPW 

Overprogram Pulse Width 

Note 1 

2.85 

3 

78.75 

ms 

tOE 

OE to Output Valid 

ce-vih 


- 

100 

ns 

C DFP 

OE to Output in High-Z 

CE=Vi H 

- 

- 

90 

ns 


AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement RLference Level 


1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V ^ 2.4V 

Input 0.8V and 2.2V, Output 0.8 V and 2.0V 


Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 
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TC54256AP/AF-150 


HIGH SPEED PROGRAM OPERATION II] 

DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V IH 

Input High Voltage 

2.2 

- 

Vcc+1-0 

V 

VlL 

Input Low Voltage 

-0. 3 

- 

0.8 

V 

v cc 

Vqq Power Supply Voltage 

6.00 

6.25 

6.50 

V 

V PP 

1 V PP Power Supply Voltage 

12.50 

12.75 

13.00 

V 


DC AND OPERATING CHARACTERISTICS (Ta=25±5°C, V C c=6.25±0.25V, V PP =12.75±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

Ili 

Input Current 

Vin=0 ^ VCC 

- 

- 

±10 

yA 

v OH 

Output High Voltage 

I 0H =-400yA 

2.4 

- 

- 

V 

v OL 

Output Low Voltage 

IOL =2 - lmA 

- 

- 

0.4 

V 

1 cc 

Vqq Supply Current 

- 

- 

- 

30 

mA 

!PP2 

V pp Supply Current 

V pp =l3.OV 

- 

- 

50 

mA 

VlD 

A9 Auto Select Voltage 

- 

11.5 

12.0 

' 12.5 

V 


AC PROGRAMMING CHARACTERISTICS (Ta=25±5°C> V cc -6. 25±0.25V, V PP =12.75±0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. . 

TYP. 

MAX. 

UNIT 

t AS 

Address Setup Time 

- 

2 

- 

- 

ys 

t AH 

Address Hold Time 

- 

2 

- 

- 

ys 

t CES 

CE Setup Time 

- 

0 

- 

- 

ns 

t CEH 

CE Hold Time 

- 

0 

- 

- 

ns 

t DS 

Data Setup Time 

- 

2 

- 

- 

ys 

t DH 

Data Hold Time 

- 

2 

- 

- 

y s 

11 VPS 

Vpp Setup Time 

- 

2 


- 

ys 

C vcs 

Vqq Setup Time 

- 

2 

- 

- 

y s 

r PW 

Program Pulse Width 

ce=v il> 0E==v 1H 

0.095 

0.1 

0.105 

ms 

t OE 

0E to Output Valid 

ce=v ih 

- 

- 

100 

ns 

•-DEP 

OE to Output in High-Z 

CE=Vih 

- 

- 

90 

ns 


AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and Cl (100pF) 

10ns Max, 

0.45V to 2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.OV 
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TC54256AP/AF-150 


TIMING WAVEFORMS (PROGRAM) 

HIGH SPEED PROGRAM MODE I (V CC =6V±0.25V, V PP =12.5V±0.5V) 

HIGH SPEED PROGRAM MODE I (V CC =6.25V±0.25V, V PP =12.75V±0.25V) 



Note 1. Vqq must be applied simultaneously or before Vpp and cut off simultaneously 
or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.5V (12.75V) may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. 

So the voltage over 14V should not be applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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TCS4256AP/AM50 


I OPE RAT ION INFORMATION] 


The TC54256AP/AF f s six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 


-'—■—-PIN NAMES (NUMBER) 

MODE - 

CE 

(20) 

OE 

(22) 

Vpp 

(1) 

vcc 

(28) 

00 * 07 

11 *13, 15 *19) 

POWER 

Read Operation 
(Ta=-40*85°C) 

Read 

L 

L 

5V 

5V 

• 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program Operation 
(Ta=25±5°C) 

Program 

L 

H 

1) 

12.5V 

2) 

il 2.75V 

1) 

6 V 

2) 

6.25V 

Data In 

Active 

Program Inhibit 

H 

! H 

High Impedance 

Program Verify 

* 

L 

Data Out 


Hote: H; V IH , L; V IL , *; 


V IH or V IL> 


1) ; 

2 ) ; 


HIGH SPEED PROGRAM MODE I 
HIGH SPEED PROGRAM MODE n 


READ MODE] 

The TC54256AP/AF has two control functions. The chip enable (CE) controls the 
operation power and should be used for device selection. 

The output enable (OE) controls the output buffers, independent of device selection. 
Assuming that CE=0 E=Vjl, the output data is valid at the outputs after address 
access time from stabilizing of all addresses. 

The CE to output valid (tCE) is equal to the address access time (t^cc)• 

Assuming that CE-VpL and all addresses are valid, the output data is valid at the 
outputs after tQE from the falling edge of OE. 


|OUTPUT DESELECT MODE[ 

Assuming that CE=Vxj} or OE=Vjjj, the outputs will be in a high impedance state. 
So two or more TC54256AP/AF’s can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 


[standby mode! 

The TC54256AP/AF has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TC54256AP/AF is placed in the standby 
mode which reduce the operating current to lOOpA by applying MOS-high level (V^q) 
and then the outputs are in a high impedance state, independent of the OE inputs. 
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| PROGRAM MODE] 

Initially, when received by customers, all bits of the TC54256AP/AF are in the 
"1" state which is erased state. 

Therefore the program operation is to introduce M 0's" data into the desired bit 
locations by electrically programming. 

The TC54256AP/AF is in the programming mode when the Vpp input is at 12.5V and CE is 
at TTL-Low level under 0E=Vjp. 

The TC54256AP/AF can be programmed any location at anytime either individually, 
sequentially, or at random. 

Iprogram verify mode| 

The verify mode is to check that desired data is correctly programmed on the 
programmed bits. 

The verify is accomplished with OE at Vjp and CE at Vpp or Vpp. 


Iprogram inhibit mode! 

Under the condition that the program voltage (+12.5V or +12.75V) is applied to 
Vpp terminal, a TTL high level CE input inhibits the TC54256AP/AF from being programmed. 
Programming of two or more TC54256AP/AF's in parallel with different data is easily 
accomplished. That is, all inputs except for CE and OE may be commonly connected, and 
a TTL Low level program pulse is applied to the CE of the desired device only and TTL 
high level signal is applied to the other devices. 


{high speed program mode I 


The program time can be greatly decreased by using this high speed programming 
mode. The device is set up in the high speed programming mode when the programming 
voltage (+12.5V) is applied to the Vpp terminal with Vqq~6V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse with 
width of 3 times more than that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified with 
v CC =v PP =5v - 


- K-38 - 





TC54256AP/AF-150 


HIGH SPEED PROGRAM MODE fl| 

The device is set up in the high speed programming mode when the programming 
voltage (+12.75V) is applied to the Vpp terminal with Vcc=6.25V. 

The programming is achieved by applying a single TTL low level 0.1ms pulse the CE 
input after addresses and data are stable. Then the programmed data is verified 
by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied 
and then programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 
with \ 7 QQ=Vpp=5V. 
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TC54256AP/AF-150 


HIGH SPEED PROGRAM MODE Hi 


FLOW CHART 
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TC54256AP/AF-150 


ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TC54256AP/AF which 
identifies its manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TC54256AP/AF by using this mode before program operation and automatically set 
program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vpp i n read operation. Data output in this 
conditions is manufacturer code. Device code is identified when address AO is 
set to Vpp. These two codes possess an odd parity with the parity bit of MSB 
(07). The following table shows electric signature of TC54256AP/AF. 


PINS 

AO 

07 

06 

05 

04 

03 

02 

01 

00 

HEX. 

SIGNATURE^--^^ 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 

VlL 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

VlH 

1 

1 

0 

0 

0 

1 

0 

0 

C4 


Notes: A9=12V±0.5V 

A1^A8, A10^A14, CE, 0E=V IL 
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OUTLINE DRAWINGS (DIP28-P-600) 

• TC54256AP 

Unit in mm 



Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of 
their true longitudinal position with respect No.l and No.28 leads. 

2. This value is measured at the end of leads. 

3. All dimensions are in millimeters. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC54512AF-17, TC54512AF-17 
TC54512AP-20, TC54512AF20 

description! 

The TC54512AP/AF is a 65,536 wordx 8 bit CMOS one time programmable read only memory, and 
molded in a 28 pin plastic package. For read operation, the TC54512AP/AF's access time 
is 170ns/200ns, and the TC54512AP/AF operates from a single 5-volt power supply and has 
low power standby mode which reduces the power dissipation without increasing access time. 
The standby mode is achieved by applying a TTL-high level signal to the CE input. 

Advanced CMOS technology reduces the maximum active current to 30mA/5.9MHz and standby 
current to lOOpA. The electrical characteristics and programming method are the same 
as U.V. EPROM TC57512AD’s. Once programmed, the TC54512AP/AF can not be erased because 
of using plastic DIP without transparent window. 


FEATURES 


Peripheral circuit: CMOS 
Memory cell : N-MOS 

Fast access time: 
TC54512AP/AF-17 170ns 

TC54512AP/AF-20 200ns 

Low power dissipation 
Active : 30mA/5.9MHz 
Standby: 100yA 
Full static operation 



GND 


High speed programming mode I, IE 

Inputs and outputs TTL compatible 

Standard 28 pin DIP plastic package: TC54512AP 

28 pin plastic Flat Package : TC54512AF 


BLOCK DIAGRAM 


V PP GND V cc OO 01 02 0 3 04 05 06 07 


| PIN connection! 

(TOP VIEW) 

OE 0-1- 

_i_i-1- 

oe/ceT circuit 


a i s rl 

[[ — ^ 

771 

“1 Vnn 

CE 0— 

1 



OUTPUT BUFFERS 


AO 
A1 
A2 
A3 
A 4 
A5 
A6 
A7 
A8 
A9 
A10 
All 
A1 2 
A18 
All 
A1 5 


COLUMN 

DECODER 


64 


COLUMN 1/0 
CIRCUIT 



MEMORY CELL 
ARRAY 

6 5.5 3 6 x8 bits 


(PIN names! 

AO ^ A15 

Address Inputs 

00 ^ 07 

Outputs (Inputs) 

ce" 

Chip Enable Input 

OE/Vpp 

Output /Program 

Enable / Supply 
Input / Voltage 

V CC 

Power Supply 

Voltage (+5V) 

GND 

Ground 


NODE SELECTION! 


PIN 

MODE 

CE 

(20) 

OE/Vpp 

(22) 

Vcc 

(28) 

00^07 

(11'u 13, 15 ^ 19) 

POWER 

Read 

L 

L 

5V 

Data Out 

Active 

Output Deselect 

* 

H 

High Impedance 

Standby 

H 

* 

High Impedance 

Standby 

Program 

L 

Vpp 

6V 1 ) 

2) 

6.25V 

Data In 

Active 

Program Inhibit 

H j 

Vpp 

High Impedance 

Program Verify 

L 

L 

Data Out 


H or L 


1 ): 

2 ): 


HIGH 

HIGH 


SPEED PROGRAMMING MODE I 
SPEED PROGRAMMING MODE H 
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TC54512AM7, TC54512AM7 
TC54512AP-20, TC54512AF-20 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

V CC 

Vqq Power Supply Voltage 

-0.6 *7.0 

V 

Vpp 

Program Supply Voltage 

-0.6 *14.0 

V 

VlN 

Input Voltage 

-0.6 *7.0 

V 

Vl/O 

Input/Output Voltage 

-0.6 ^ V cc +0..5 

V 

Pd 

Power Dissipation 

1.5 

w 

t solder 

Soldering Temperature*Time 

260 • 10 

°C•see 

t stg 

Storage Temperature 

-65 ^125 

°C 

t OPR 

Operating Temperature 

-40 * 85 

°C 


READ OPERATION 


D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

TC54512AP/AF-17/TC54512AP/AF-20 

Ta 

Operating Temperature 

-40 ■v 85°C 

Vcc 

Vqq Power Supply Voltage 

5V±5% 


D.C. AND OPERATING CHARACTERISTICS 


SYMBOL 

PARAMETER 

CONDITION 



MAX. 

UNIT 

r LI 

Input Current 

V IN =0 % Vcc 

- 

- 

±10 



Output Leakage Current 

V O ut= 0.4 %V C c 

- 

- 

±10 



Operating Current 

CE=0V 

IOUT = 0mA 

f=5.9MHz 

- 

- 

30 



f-lMHz 

- 

- 

10 


Standby Current 

ce=v ih 

- 

- 

1 



CE= v CC-°- 2v 

- 

- 

mm 



Input High Voltage 

- 


HI 

ma 



Input Low Voltage 

- 


mm 

0.8 

V 


Output High Voltage 

I qP' = — 4 00u A 


- 


V 


Output Low Voltage 

I 0 L=2.1mA 

- 

- 

0.4 

V 

^PPI 

Vpp Current 

Vpp = 0 ^Vcc + 0.6 

- 

- 

±10 
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TC54512AM7, TC54512AM7 
TC54512AP-20, TC54512AF-20 


A.C. CHARACTERISTICS 



PARAMETER 

TEST CONDITION 



UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

ES91 

Address Access Time 

CE=0E=Vil 

- 

170 

- 



P!f 

CE to Output Valid 

0E=Vil 

- 

170 

- 


ns 

mm 

OlT to Output Valid 

ce-vil 

- 

70 

- 

70 

ns 

EES 

CE to Output in High-Z 

oe=v il 

0 

60 

0 

60 

ns 


OE to Output in High-Z 

CE=Vil 

0 

60 

0 

60 

ns 


Output Data Hold Time 

CE=0E=Vjl 

0 

- 

0 

- 



A.C. TEST CONDITIONS 

Output Load 

Input Pulse Rise and Fall Times 
Input Pulse Levels 

Timing Measurement Reference Level 


1 TTL Gate and C L =100pF 
10ns Max. 

0.45V ^ 2.4V 

Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V 


CAPACITANCE *(Ta=25°C, f=lMHz) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C IN1 

Input Capacitance 

v IN=0V 

- 

4 

6 

P F 

ES39I 

OE/Vpp Input Capacitance 


- 



P F 

ISSEYS 



_Z_ I 


12 

pF 


* This parameter is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS 
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TC54512AP-17, TC54512AF-17 
TC54512AP-20, TC54512AF-20 


HIGH SPEED PROGRAM MODE I 


DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 


UNIT 

VlH 

Input High Voltage 

2.2 

- 


V 

V IL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

v C c 

Vcc Power Supply Voltage 

5.75 

6.0 


V 

Vpp 

V PP Power Supply Voltage 

12.0 

12.5 


V 


DC and OPERATING CHARACTERISTICS (Ta=25t5°C, Vcc=6V±0.25V, V PP =12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. . 

UNIT 


Input Current 

Vin= 0 '''Vcc 

- 

- 

±10 



Output High Voltage 


2.4 

mm 

- 

V 


Output Low Voltage 


- 

warn 

0.4 



Vcc Supply Current 


- 

wm 

30 



V PP Supply Current 

V PP =13.0V 

- 


50 



AC PROGRAMMING CHARACTERISTICS (Ta=25±5°C, v cc =6V±0. 25V, V PP =12.5V±0.5V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

C AS 

Address Setup Time 

- 

2 

- 

- 

US 

t AH 

Address Hold Time 

- 

2 

- 

- 

US 

tOES 

OE/Vpp Setup Time 

- 

2 

- 


us 

tOEH 

OE/Vpp Hold Time 

- 

2 

- 

- 

us 

t PRT 

OE/Vpp Pulse Rise Time 

- 

50 

- 

- 

ns 

C DS 

Data Setup Time 

- 

2 

- 

- 

us 

tDH 

Data Hold Time 

- 

2 

- 

- 

US 

C VR 

OE/Vpp Recovery Time 

- 

2 

- 

- 

us 

t vcs 

Vcc Setup Time 

- 

2 

- 

- 

us 

C PW 

Initial Program Pulse Width 

CE=V IL , OE/Vpp=Vpp 

0.95 

1.0 

1.05 

ms 

c 0PW 

Overprogram Pulse Width 

Note 1 

2.85 

3.0 

78.75 

ms 

tDV 

Data Valid from CE 

OE/Vpp=V IL 

- 

- 

1 

Us 

t DF 

CE to Output in High-Z 

0E/V PP =Vil 

- 

- 

130 

ns 


AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V % 2.4V 

Input 0.8V and 2.0V, Output 0.8V and 2.0V 


Note 1: The length of the overprogram pulse may vary as a function of the counter 
value X. 
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TC54512AM7, TCS4512AF-17 
TC54512AP-20, TC54S12AF-20 


HIGH SPEED PROGRAM MODE II 


DC RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 


TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 


V 

VIL 

Input Low Voltage 

-0.3 

- 

0.8 

V 

Vcc 

Vcc Power Supply Voltage 

6.0 

6.25 

6.5' 

V 

V PP 

V pp Power Supply Voltage 

12.5 

12.75 

13.0 

V 


DC and OPERATING CHARACTERISTICS (Ta=25±5°C, V cc =6.25V±0.25V, V PP =12.75V±0.25V) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

ILI 

Input Current 

Vin=0 ^V CC 

- 

- 

±10 

pA 

v OH 

Output High Voltage 

VoH~~A00pA 

2.4 

- 

- 

V 

V OL 

Output Low Voltage 

I 0L =2.1mA 

- 

- 

0.4 

V 

I CC 

Vcc Supply Current 

- 

- 

- 

30 

mA 

Ipp2 

V pp Supply Current 

Vpp=13.0V 

- 

- 

50 

mA 


AC PROGRAMMING CHARACTERISTICS (Ta=25±5°C, V C c=6.25V±0. 25v, V PP =12.75V±0.25V) 


SYMBOL 

PAPAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

1 AS 

Address Setup Time 

- 

2 

- 

- 

ps 

t AH 

Address Hold Time 

- 

2 

- 

- 

PS 

t OES 

OE/V PP Setup Time 

- 

2 

- 

- 

PS 

tOEH 

OE/Vpp Hold Time 

- 

2 

- 


PS 

tPRI 

0E/V PP Pulse Rise Time 

- 

50 

- 

- 

ns 

C DS 

Data Setup Time 

- 

2 

- 

- 

P s 

t DH 

Data Hold Time 

- 

2 

- 

- 

ps 

l \ T R 

OE/Vpp Recovery Time 

- 

2 


- 

PS 

C vcs 

Vcc Setup Time 

- 

2 

- 

- 

PS 

tpw 

Program Pulse Width 

CE=Vil, 0E/V PP =V PP 

0.095 

0.1 

0.105 

ms 

t DV 

Data Valid from CE 

0E/V pp =Vjl 

- 

- 

1 

PS 

tDF "] 

CE to Output in High-Z 

OE/V PP =Vil 

- 

- 

130 

ns 


AC TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Times 

• Input Pulse Levels 

• Timing Measurement Reference Level 


1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V ^ 2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 














TC54512AP-17, TC54512AF-17 
TC54512AP-20, TC54512AF-20 


TIMING WAVEFORMS (PROGRAM) 

HIGH SPEED PROGRAMMING MODE I (V CC =6V±0.25V, V pp =12.5V±0.5V) 

HIGH SPEED PROGRAMMING MODE II (V C (r6.25V±0.25V, V PP =12.75V±0.25V) 



Note 1. Vqq must be applied simultaneously or before V PP and cut off 
simultaneously or after V Pp . 

2. Removing the device from socket and setting the device in socket with 
V PP =12.5±0.5V or V PP =12.75±0.25V may cause permanent damage to the 
device. 

3. The V pp supply voltage is permitted up to 14V for program operation. 
So the voltage over 14V should not be applied to the V pp terminal. 
When the switching pulse voltage is applied to the V PP terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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TC54512AP-17. TC54512AF-17 
TC54512AP-20, TC54512AF-20 


OPERATION INFORMATION | 

The TC54512AP/AF's six operation modes are listed in the following table. 


Mode selection can be achieved by applying TTL level signal to all inputs. 


——_______PIN NAMES (NUMBER) 

MODE ~~-——_____ 

CE 

(20) 

OE 

(22) 





Read Operation 

(Ta=-40 -v85°C) 

Read 

L 

L 



Data Out 

Active 

Output Deselect 



5V 

5V 

High Impedance 

Standby 


* 



High Impedance 

Standby 

Program Operation 

(Ta=25±5°C) 

Program 

L 

H 

12.5V 1) 

6 V 1) 

Data In 


Program Inhibit 

H 

H 

High Impedance 

Active 

Program Verify 

* 

L 

12.75V 2) 

6.2 ll 

Data Out 

■■■ 


Note: H; V IH , L; V IL , *: V IH or V IL , 


1) ; HIGH SPEED PROGRAM MODE I 

2) ; HIGH SPEED PROGRAM MODE II 


READ MODE| 

The TC54512AP/AF has two control functions. The chip enable (CE) controls the 
operation power and should be used for device selection. The output enable (OE) 
control the output buffers, independent of device selection. Assuming that CE=OE=Vxl, 
the output data is valid at the outputs after address access time from stabilizing of 
all addresses. The CE to output valid (teg) is equal to the address access time 
(tACC)* Assuming that CE=Vjl and all addresses are valid, the output data is valid 
at the outputs after tOE from the falling edge of OE. 
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TC54512AP-17, TC54512AF-17 
TC54512AP-20, TC54512AF-20 

lOUTPUT DESELECT MODE] 

Assuming that CE=Vj^ or OE=Vj^ % the outputs will be in a high impedance state. So two 
or more TC54512AP/AF's can be connected together on a common bus line. When CE is 
decode for device selection, all deselected devices are in low power standby mode. 

STANDBY MOdT] 

The TC54512AP/AF has a low power standby mode controlled by the CE signal. By applying 
a high level to the CE input, the TC54512AP/AF is placed in the standby mode which re¬ 
duce the operating current to lOOpA by applying MOS-high level (Vcc) and then the 
outputs are in a high impedance state, independent of the OE inputs. 


PROGRAM MODE! 

Initially, when received by customers, all bits of the TC54512AP/AF are in the "1" 
state which is erased state. Therefore the program operation is to introduce "0 ? s" 
data into the desired bit locations by electrically programming. The TC54512AP/AF 
is in the programming mode when the OE/Vpp input is at 12.5V or 12.75V and CE is at 
TTL-Low level. The TC54512AP/AF can be programmed any location at any time either 
individually, sequentially, or at random. 


IPROGRAM VERIFY HOPE I 

The verify mode is to check that desired data is correctly programmed on the pro¬ 
grammed bits. The verify is accomplished with OE/Vpp at Vil and CE at Vjl* 


PROGRAM INHIBIT MODE | 

Under the condition that the program voltage (+12.5V or +12.75V) is applied to Vpp 
terminal, a high level CE input inhibits the TC54512AP/AF from being programmed. 
Programming of two or more TC54512AP/AF’s in parallel with different data is easily 
accomplished. That is, all inputs except for CE may be commonly connected, and a TTL 
low level program pulse is applied to the CE of the desired device only and TTL high 
level signal is applied to the other devices. 
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TC54512AP-17. TC54512AM7 
TC54512AP-20, TC54512AF-20 


HIGH SPEED PROGRAM MODE I| 

This high speed programming mode I is performed at Vqq~6.0V and OE/Vpp=12.5V. 

The programming is achieved by applying a single TTL low level 1ms pulse to the CE 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

After correctly programming the selected address, the additional program pulse with 
3 times that needed for initial programming is applied. 

When programming has been completed, the data in all addresses should be verified 
with V C c=5V. 

HIGH SPEED PROGRAM MODE II 

The program time can be greatly decreased by using this high speed programming mode 
EL. This high speed programming mode n is performed at Vqq=6.25V and 0E/Vpp=12. 75V . 
The programming is achieved by applying a single TTL low level 0.1ms pulse to the CE 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 
then the programmed data is verified. This should be repeated until the program 
operates correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 
with Vqc=5V. 
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TC54512AM7, TC54512AF-17 
TC54512AP-20, TC54512AF-20 



ADDRESS OVERPROGRAM 3X PULSES OE 1msec 

= NEXT ADDRESS OR ONE PULSE OF 3X msec DURATION 
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HIGH SPEED PROGRAM MODE H 
FLOW CHART 




ADDRESS 

— NEXT ADDRESS 


T 




NO 


TC54512AM7, TC54512AP17 
TC54512AP-20, TC54512AF-20 











TC54512AP-17, TC54512AF-17 
TC54512AP-20, TC54512AF-20 


ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TC54512AP/AF which identifies 
its manufacturer and device type. 

The programming equipment may reads out manufacturer code and device code from 
TC54512AP/AF by using this mode before program operation and automatically set program 
voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjl i n read operation. Data output in this condi¬ 
tions is manufacturer code. Device code is identified when address AO is set to 
Vih. These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electric signature of TC54512AP/AF. 


PINS 

AO 

07 

06 

05 

04 

03 

02 

01 

00 

HEX. 

SIGNATURE^--^^^ 

(10) 

(19) 

(18) 

(17) 

(16) 

(15) 

(13) 

(12) 

(11) 

DATA 

Manufacture Code 

V IL 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

VlH 

1 

0 

0 

0 

0 

1 

0 

1 

85 


Notes: A9=12V±0.5V 

A1^A8, A10^A15, CE, 0E=V il 
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TC54512AM7, TC54512AF-17 
TC54512AP-20, TC54512AF-20 


OUTLINE DRAWINGS (TC54512AP) DIP28-P-600 


Unit in mm 



co 



Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is 0.15mm. 
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TC54512AP-17, TC54512AF-17 
T654S12AP-20, TC54512AF-20 


OUTLINE DRAWINGS (TC54512AF) S0P28-P-450 

Unit in mm 



Note: Package width and length do not include mold protrusion, 

allowable mold protrusion is 0.15mm. 
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TOSHIBA BIOS MEMORY PRODUCTS 

TC541000P/F-20, -25 
TC541001P/F-20, -25 

1 description! 

The TC541000P/F and TC541001P/F are 131,072 wordx 8 bit one time programmable 
read only memory, and molded in a 32 pin plastic package. 

The access time of TC541000P/F and TC541001P/F are 200ns/250ns and has low power stand¬ 
by mode which reduces the power dissipation without increasing access time. The 
electrical characteristics and programming method are the same as U.V. EPROM TC571000D/ 
TC571001D’s. Once programed, the TC541000P/F and TC541001P/F can not be erased be¬ 
cause of using plastic DIP without transparent window. 


IfeaturesI 

• Peripheral circuit: CMOS 

Memory cell : N-MOS 

• Fast access time 

TC541000P/F-20/TC541001P/F-20: 200ns 
TC541000P/F-25/TC541001P/F-25: 250ns 

• Low power dissipation 

Active : 30mA/5.0MHz 
Standby: iOOuA (Ta=85°C) 

• Single 5V power supply 


Wide operating temperature range: -40^85°C 
Full static operation 

High speed programming operation: tpy 0.1ms 
Input and output TTL compatible 
JEDEC standard 32 pin: TC541000P 
1M MROM compatible : TC541001P 
TC541000P/TC541001P: 

Standard 32 pin DIP plastic package 
TC541000F/TC541001F: Plastic flat package 


[PIN CONNECTION) (TOP VIEW) 


v pp di 

A16 [ 2 
A15 i 3 
A12 C 4 
A7 [ 5 
A 6 C 6 
A5 17 
A4 C 8 
A3 C 9 
A2 [ 10 
A1 [11 
AO [ 12 
DO [ 13 
Dl £14 
D2 [15 
GND [16 


32p^£C 
31 ] PGM 
30 3 NC 
29 3 A14 
28 3A13 
27 3A8 
26 {] A9 
25 
24 
23 
22 
21 
20 
19 
18 
17 


3 A11 

3 OE 
3 Al 0 

3 CE 
3D7 
3D6 
3D5 
3D4 
3d3 


TC541000P/F 



(Ref erence ) 


Al 5 [ l 
Al 2 [ 2 
A7[ 3 
A 6 C 4 
A5C 5 
A4 [ 6 
A3 [7 
A2C8 
Al C 9 
A0 C 1 
DO C 1 


Dl [12 

D2C13 
GND[14 


28tl V CC 
27 3 A14 


26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 


3 A13 
3 A 8 
3 A9 
3 Al 1 
3 A16 
3 Al 0 
3 CE 
3 D7 
3D6 
1 D5 

E D4 
D3 


, 1M Mask ROM n 
^ TC531000P ' 


PIN NAMES1 


A0^ A16 

Address Inputs 

DO ^ D7 

Outputs (Inputs) 

CE 

Chip Enable 

Inputs 

oe 

Output Enable 

Input 

PGM 

Program Control 

Input 

Vec 

Supply 

Voltage 

Vpp 

Program Supply 

Voltage 

GND 

Ground 

NC 

No Connection 
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TC541000P/F-20, -25 
TC541001P/F-20, -25 


I BLOCK DIAGRAM] 


Vpp GND Vcc OO 01 02 03 04 05 06 07 


OE 

CE 

PGM 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
A10 
Al 1 
Al 2 
Al 3 
Al 4 
Al 5 
Al 6 



MODE SELECTION] 


PIN 

MODE 

PGM 

CE 

OE 

Vpp 

vcc 

00 ^07 

POWER 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselect 

* 

* 

H 

High Impedance 

Standby 

* 

H 

•k 

High Impedance 

Standby 

Program 

L 

L 

H 

12.75V 

6.25V 

Data In 


Program Inhibit 

* 

H 

* 

High Impedance 

H 

L 

H j 

High Impedance 

Program Verify 

H 

L 

L 

Data Out 


*: H or L 


1 MAXIMUM RATINGS! 


SYMBOL 

ITEM 

RATING 

UNIT 

vcc 

Vcc Power Supply Voltage 

-0.6 ^7.0 

V 

Vpp 

Program Supply Voltage 

-0.6 14.0 

V 

V IN 

Input Voltage 

-0.6 , v 7.0 

V 

Vl/O 

Input/Output Voltage 

-0.6 ^Vcc +0 - 5 

V 

pd 

Power Dissipation 

1.5 

w 

TsOLDER 

Soldering Temperature . Time 

260 • 10 

°C* sec 

t strg 

Storage Temperature 

-65 -v 125 

°C 

t opr 

Operating Temperature 

-40 ^85 

°C 


— K-60 — 











TC541000P/F-20, -25 
TC541001P/F-20, -25 


READ OPERATION] 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 

Vcc -1-0 * 3 

V 

VIL 

Input Low Voltage 

-0.3 

- 

0.8 

Vcc 

Vcc Power Supply Voltage 

4.75 

o 

o 

5.25 

Vpp 

Vpp Power Supply Voltage 

Vcc-0.6 

Vcc 

Vcc+0.6 


D.C. and OPERATING CHARACTERISTICS (Ta=-40-v85°C, V CC =5V±5%) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. | MAX. 

UNIT 

Ili 

Input Current 

V IN =0 ^ V C c 

- 

- 

±10 

yA 

X CC01 

Operating Current 

CE=0V f=5.0MHz 

- 

- 

30 

mA 

Tcc02 

IOUT =0mA f=lMHz 

- 

- 

10 

Iccsi 

Standby Current 

sc 

i—i 
> 

ii 

IS 

- 

- 

1 

mA 

I CCS2 

CE=VCC-0.2V 


- 

100 

yA 

v OH 

Output High Voltage 

IOH = ~^00pA 

2.4 

- 

- 

T* 

V 0L 

! Output Low Voltage 

IOL=2.1mA 

- 

- 

0.4 

V 

Tppl 

Vpp Current 

Vpp=Vcc ±0.6V 

- 

- 

±10 

yA 

Tlo 

Output Leakage Current 

V OU t=0.4V %V C c 

- 

- 

±10 

yA 


A,C. CHARACTERISTICS (Ta=-40 n.85°C, V CC =5V±5%, V pp =V cc ±0.6V) 


SYMBOL 

PARAMETER 

TC541000P-2Q/TC541001P-20 
TC54 1000F-20/TC54 100 IF-2 0 

TC54 1000P-25/TC54100 IP-2 5 
TC541000F-2 5/TC541001F-25 

UNIT 



MIN. 

MAX. 

MIN. 

MAX. 


t ACC 

Adaress Access Time 


200 

- 

250 


c CE 

CE to Output Valid 

- 

200 

- 

250 


t OE 

0E to Output Valid 

- 

70 

- 

100 


t PGM 

PGM to Output Valid 

- 

70 

- 

100 

ns 

t DFl 

CE to Output in High-Z 

0 

60 

0 

90 

t DF2 

0E to Output in High-Z 

0 

60 

0 

90 


t DF3 

PGM to Output in High-Z 

0 

60 

0 

90 


t OH 

Output Data Hold Time 

0 

- 

0 

- 



A.C. TEST CONDITIONS 

Output Load 

Input Pulse Rise and Fall Times 

Input Pulse Levels 

Timing Measurement Reference Level 


1 TTL Gate and C L =100pF 
10ns Max. 

0.45V to 2.4V 

Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V 
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CAPACITANCE* (Ta=25°C, £=lMHz) 



* This parameter is periodically sampled and is not 100% tested. 


TIMING WAVEFORMS (READ) 


AO —A1 6 



TC541000P/F-20, -25 
TC541001P/F-20, -25 


jHIGH SPEED PROGRAM OPERATION| 

D.C. RECOMMENDED OPERATING CONDITIONS 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

VlH 

Input High Voltage 

2.2 

- 

V CC+ 1 • 0 

V 

VIL 

Input Low Voltage 

-0.3 

- 

0.8 

Vcc 

Vcc Power Supply Voltage 

6.00 

6.25 

6.50 

V pp 

Vpp Power Supply Voltage 

12.50 ; 

12.75 

13.00 


D.C. AND OPERATING CHARACTERISTICS (13=2515-0, V cc =6.2510.25V, V PP =12.75+0.25V) 


SYMBOL 

PARAMETER 

TEST CONDITION 

MIN. 

TYP. 

MAX. 

UNIT 

!lI 

Input Current 

ViN=0 ^ Vcc 

- 

- 

±10 

yA 

v OH 

Output High Voltage 

IOH = -400y a 

2.4 

- 

- 

V 

v OL 

Output Low Voltage 

1oL= 2.1mA 

- 

- 

0.4 

V 

x cc 

Vcc Supply Current 

- 

- 

- 

30 

mA 

I PP2 

Vpp Supply Current 

V PP =13.OV 

- 

- 

50 

mA 


A.C. PROGRAMMING CHARACTERISTICS (Ta=25+5°C, V C c=6.25+0.25V, V PP =12.75+0.25V) 


B 

PARAMETER 

TEST CONDITION j MIN. 

TYP. 

MAX. 

UNIT 

C AS 

Address Setup Time 

- 

2 

- 

- 

ys 

C AH 

Address Hold Time 

- 

2 

- 

- 

ys 

t CES 

CE Setup Time 

- 

2 

- 

- 

y s 

t CEH 

CE Hold Time 

. 

2 

- 

- 

ys 

C DS 

Data Setup Time 


2 

- 

- 

ys 

C DH 

Data Hold Time 


2 

- 

- 

ys 

c vs 

Vpp Setup Time 


2 

- 

- 

ys 

C PW 

Program Pulse Width 

- 

0.095 

0.1 

0.105 

ms 

t OE 

OE to Output Valid 


- 


100 

ns 

t DF2 

OE to Output in High-Z 

CE-Vil 

- 

- 

90 

ns 


A.C. TEST CONDITIONS 

• Output Load 

• Input Pulse Rise and Fall Time 

• Input Pulse Levels 

•Timing Measurement Reference Level 


1 TTL Gate and C L (lOOpF) 

10ns Max. 

0.45V and 2.4V 

Input 0.8V and 2.2V, Output 0.8V and 2.0V 
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HIGH SPEED PROGRAM OPERATION 

TIMING CHART 



Note: 1. Vqq must be applied simultaneously or before Vpp and cut off simul¬ 
taneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with 
Vpp=12.75V may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, 
so the voltage over 14V should not be applied to the Vpp terminal. 
When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded 14V. 
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OPERATION INFORMATION 


The TC541000P/F/TC541001P/F t s six operation modes are listed in the following table. 
Mode selection can be achieved by applying TTL level signal to all inputs. 



PGM 

CE 

OE 

Vpp 

Vcc 

00 ^ 07 

POWER 

READ 

OPERATION 

(Ta=-40^85°C) 

Read 

H 

L 

L 

5V 

5V 

Data Out 

Active 

Output Deselct 

* 

* 

H 

High Impedance 

Standby 

* 

H 

* 

High Impedance 

Standby 

PROGRAM 

OPERATION 

(Ta=25±5°C) 

Program 

L 

L 

H 

12.75V 

6.25V 

Data In 

Active 

Program Inhibit 

* 

H 

* 

High Impedance 

H 

L 

H 

High Impedance 

Program Verify 

H 

L 

L 

Data Out 


Note: H; V IH> L; V IL , *; V IH or V IL 


Iread MODEl 

The TC541000P/F/TC541001P/F has three control functions. The chip enable (CE) controls 
the operation power and should be used for device selection. 

The output enable (OE) and the program control (PGM) control the output buffers, 
independent of device selection. 

Assuming in that CE=0 E=Vjl and PGM=V I h j the output data is valid at the output after 
address access time from stabilizing of all addresses. 

The CE to output valid (tcE) is equal to the address access time (t^cc)• 

Assuming that CE=Vjl> PGM^Vjh and all addresses are valid, the output data is valid 
at the outputs after tg£ from the falling edge of OE. 

And assuming that CE=OE=Vxl and all addresses are valid, the output data is valid at 
the outputs after tpQ^ from the rising edge of PGM. 


OUTPUT DESELECT MODE] 

Assuming that CE=Vih or OE=Vjh, the outputs will be in a high impedance state. 

So two or more ROMs can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power 
standby mode. 
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[standby mode] 

The TC541000P/F/TC541001P/F has a low power standby mode controlled by the CE signal. 
By applying a high level to the CE input, the TC541000P/F/TC541001P/F is placed in the 
standby mode which reduce the operating current to lOOyA by applying MOS-high level 
(Vcc) an ^ then the outputs are in a high impedance state, independent of the OE 
inputs. 

I PROGRAM MODEl 

Initially, when received by customers, all bits of the TC541000P/F/TC541001P/F are in 
the "l" state which is erased state. 

Therefore the program operation is to introduce "0’s" data into the desired bit 
locations by electrically programming. 

The levels required for all inputs are TTL. The TC541000P/F/TC541001PF can be 

programmed any location at anytime - either irdividually, sequentially, or at 

random. 


PROGRAM VERIFY MODE| 

The verify mode is to check that the desired data is correctly programmed on the 
programmed bits. 

The verify is accomplished with OE and CE at Vil and PGM at VpH* 


PROGRAM INHIBIT MODE! 

Under the condition that the program voltage (+12.75V) is applied to Vpp terminal, 
a high level CE or PGM input inhibits the TC541000P/F/TC541001P/F from being 
programmed. Programming of two or more EPROMs in parallel with different data is 
easily accomplished. That is, all inputs except for CE or PGM may be commonly 
connected, and a TTL low level program pulse is applied to the CE and PGM of the 
desired device only and TTL high level signal is applied to the other devices. 
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[high speed program operation 

The device is set up in the high speed programming mode when the programming voltage 
(+12.75V) is applied to the Vpp terminal with V(>^=6.25V and PGM=Vx^- 
The programming is achieved by applying a single TTL low level 0.1ms pulse the PGM 
input after addresses and data are stable. Then the programmed data is verified by 
using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 0.1ms is applied and 
then programmed data is verified. This should be repeated until the program operates 
correctly (max. 25 times). 

When programming has been completed, the data in all addresses should be verified 
with Vcc=Vpp=5V. 
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[HIGH SPEED PROGRAM OPERATION] 


FLOW CHART 













TC541000P/F-20, -25 
TC541001P/F-20, -25 


|ELECTRIC SIGNATURE MODE) 

Electric signature mode allows to read out a code from TC541000P/F/TC541001P/F which 
identifies it’s manufacturer and device type. 

The programming equipment may read out manufacturer code and device code from 
TC541000P/F/TC541001P/F by using this mode before program operation and automatically 
set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the 
rest of address lines is set to Vjl i n read operation. Data output in this con¬ 
ditions is manufacturer code. Device code is identified when address AO is set to 
Vjh* These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electric signature of TC541000P/F/TC541001P/F. 


' '—PINS 
SIGNATURE 

AO 

07 

06 

05 

04 

03 

02 

01 

00 

HEX. 

DATA 

Manufacture Code 

VlL 

1 

0 

0 

1 

1 

0 

0 

0 

98 

Device Code 

TC541000P/F 

VlH 

1 

0 

0 

0 

0 

1 

1 

0 

86 

TC541001P/F 

0 

0 

0 

0 

0 

1 

1 

1 

07 


Notes: A9=12V±0.5V 

A1^A8, A10^A16, CE, OE=V il 
PGM=V ih 
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OUTLINE DRAWINGS 


Unit in mm 



Note: Package width and length do not include mold protrusion, allowable mold 

protrusion is 0.15mm. 
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OUTLINE DRAWINGS 

Plastic FP 


Unit: 





mm 


Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is 0.15mm. 


13.335 
(52 5mi 1) 
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TOSHIBA BIOS MEMORY PRODUCTS 


TC531000CP-12, TC531000CP 
TC531000CF-12, TC531000CF 

DESCRIPTION 

The TC531000CP/CF is a 1,048,576 bits read only memory organized as 131,072 words by 8 
bits with a low bit cost, thus being suitable for use in program memory of micro¬ 
processor, especially character generator. The TC531000CP/CF using CMOS technology is 
most suitable for low power applications where battery operation are required. 

The TC531000CP/CF has one chip enable input CTT/CE, programmable for device selection. 


FEATURES 


TC531000CP/CF 

120ns 

Version 

150ns 

Version 

Access Time (max.) 

120ns 

150ns 

Power Dissipation 
Operation Current (max.) 

40mA 

35mA 

Power Dissipation 

Standby Current (max.) 

20pA 

20yA 


PIN CONNECTION 


• Single 5V Power Supply 

• All Inputs and Outputs: TTL Compatible 

• Three State Outputs 

• Fully Static Operation 

• Programmable Chip Enable 

• Package 

Plastic DIP: TC531000CP 
Plastic FP : TC531000CF 



PIN NAMES 


A0 ~ A16 

Address Inputs 

DO ^ D7 

Data Outputs 

CE/CE 

Chip Enable Input 

VDD 

Power Supply 

GND 

Ground 


BLOCK DIAGRAM 

V D D 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

V DD 

Power Supply Voltage 

-0.5 'v 7.0 

V 

VlN 

Input Voltage 

- 0.5 ^ V DD 

V OUT 

Output Voltage 

0 ^ Vdd 

Pd 

Power Dissipation 

1.0/0.6 * 

W 

t stg 

Storage Temperature 

-55 ^ 150 

°C 

t opr 

Operating Temperature 

1 

-O 

o 

p 

o 

t solder 

Soldering Temperature • Time 

260 • 10 

°C•sec 


Note: * Plastic FP 


DC OPERATING CONDITIONS (Ta—40'W0°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V DD 

Power Supply Voltage 

4.5 

5.0 

.5.5 

V 

VlH 

Input High Voltage 

2.2 

- 

V D d+0.3 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 


DC and OPERATING CHARACTERISTICS (Ta=-40^ 70°C, V DD =5V±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

Til 

Input Leakage Current 

v IN =o ^ v DD 

- 

± 1.0 

PA 

TlO 

Output Leakage Current 

ce=Vih. v OUT = 0 ^ v DD 

- 

±5.0 

lOH 

Output High Current 

V oh = 2 .4V 

- 1.0 

- 

mA 

I OL 

Output Low Current 

V 0 L =0.4V 

3.2 

- 

1DDS1 

Standby Current 

CE=0. 8 V (CE=2.2V) 

- 

2 

IDDS2 

Standby Current 

CE=0.2V (Cl=V DD -0.2V) 

- 

20 

pA 

TdDOI 

Operating Current 

Vi N =Vi H /V IL 

IoUT~DmA 

tcycl 0 —12 On s 

- 

50 

mA 

t C y C le = T50ns 

- 

45 

TdD 02 

Vin = Vdd~^.2V/0.2V 
Iout = D itl ^ 

t cycle = T 20 ns 

- 

40 

^cycle^-^Ons 

- 

35 


CAPACITANCE 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

ClN 

Input Capacitance 

f=lMHz, Ta=25°C 

- 

10 

pF 

c 0UT 

Output Capacitance 

f=lMHz, Ta=25°C 

- 

10 


Note: This parameter is periodically sampled and is not 100% tested. 
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AC CHARACTERISTICS (V DD =5V+10%, Ta=-40^70°C) 


SYMBOL 

PARAMETER 

120ns Version 

150ns Version 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

t cycle 

Cycle Time 

120 

- 

150 

- 

ns 

*-ACC 

Access Time 

- 

120 

- 

150 

t CE 

Chip Enable Access Time 

- 

120 

- 

150 

tCED 

Output Disable Time 

- 

50 

- 

50 

t OH 

Output Hold Time 

5 

- 

5 

- 


AC TEST CONDITION 


• Output LoacL : 

• Input Levels : 

• Timing Measurement Reference Levels 

Input : 
Output: 

• Input Rise and Fall Time : 


lOOpF + 1TTL 
0.6V, 2.4V 

0.8V, 2.2V 
0.8V, 2.0V 

5ns 


TIMING WAVEFORMS 


t CYC. 





AO-A 16 

Valid ^ 



t ACC 

CE 

t_ 


CE/CE 

CE 





l CE 

! 



*CED 

! 

i 




/X)6Z 

Valid 

i 

d out 


p 


OPERATING MODE 


MODE 

CE(CE) 

AO ^ 16 

Outputs 

Power 

Read 

L(H) 

Valid 

Data Out 

Operating 

Standby 

H(L) 

vr 

High-Z 

Standby 


H: V IH> L: V IL> V IH or V IL 
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OUTLINE DRAWINGS 

Plastic DIP (DIP28-P-600) 

Unit in mm 



Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is 0.15mm. 
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Plastic FP (SOP28-P-450) 

unit in mm 



Note: Package width and length do not include mold protrusion, allowable mold 

protrusion is 0.15mm. 
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TOSHIBA NIOS MEMORY PRODUCTS 


DESCRIPTION 


TC531001 CP-12, TC531001 CP 
TC531001CF-12, TC531001CF 


The TC531001CP/CF is a 1,048,576 bits read only memory organized as 131,072 words by 8 
bits with a low bit cost, thus being suitable for use in program memory of micro¬ 
processor, and data memory, especially character generator. The TC531001CP/CF using 
CMOS technology is most suitable for low power applications where battery operations 
are required. 

The TC531001CP/CF has one chip enable input CE for device selection. 


FEATURES 


TC531001CP/CF 

120ns 

Version 

150ns 

Version 

Access Time (max.) 

120ns 

150ns 

Power Dissipation 
Operating Current (max.) 

40mA 

35mA 

Power Dissipation 

Standby Current (max.) 

20yA 

20yA 


PIN CONNECTION 


• Single 5V Power Supply 

• All Inputs and Outputs: TTL Compatible 

• Three State Outputs 

• Fully Static Operation 

• Package Plastic DIP: TC531001CP 

Plastic FP : TC531001CF 



BLOCK DIAGRAM 
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MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

VDD 

Power Supply Voltage 

-0.5 ~ 7.0 

V 

VlN 

Input Voltage 

“0.5 * V DD 

V 

VOUT 

Output Voltage 

0 ^ Vj)D 

V 

PD 

Power Dissipation 

1.0/0.6 * 

w 

t STG 

Storage Temperature 

-55 ^ 150 

°c 

t opr 

Operating Temperature 

-40 ^ 70 

°c 

t solder 

Soldering Temperature Time 

260 • 10 

°C* sec 


Note: * Plastic FP 


DC OPERATING CONDITIONS (Ta—40W0°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V DD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

vie 

Input High Voltage 

2.2 

- 

V D d+0.3 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 


DC and OPERATING CHARACTERISTICS (Ta=-40^ 70°C, V DD =5V±10%) 


SYMBOL 

PARAMETER 

CONDITION 

MIN. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

V IN =0% V DD 

- 

±1.0 

pA 

ILO 

Output Leakage Current 

ce=v ih , v OU t=ov^v dd 

- 

±5.0 

pA 

I OH 

Output High Current 

V oh =2.4V 

-1.0 

- 

mA 

X 0L 

Output Low Current 

V ol =0.4V 

3.2 

- 

mA 

I DDS1 

Standby Current 

CE=2.2V 

- 

2 

mA 

X DDS2 

Standby Current 

CE=V D D“°. 2V 

- 

200 

PA 

iDDOl 

Operating Current 

V Iir V IH /V IL 

IquT 5 " 011 ^ 

t cycle 

- 

50 

mA 

t c y cl e = 15 On s 

- 

45 

X DD02 

V in=Vdd-0 .2V/0.2V 
IOUT = ^ irL ^' 

t cycle“^20ns 

- 

40 

t cycle =1 ^0 ns 

- 

35 


CAPACITANCE 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

ClN 

Input Capacitance 

f=lMHz, Ta=25°C 

- 

10 

P F 

C OUT 

Output Capacitance 

f=lMHz, Ta=25°C 

- 

10 


Note: This parameter is periodically sampled and is not 100% tested. 
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AC CHARACTERISTICS (Ta=-40^ 70°C, V DD =5V±10%) 


SYMBOL 

PARAMETER 

120ns Version 

150ns Version 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

t cycle 

Cycle Time 

120 

- 

150 

- 

ns 


Access Time 

- 

120 

- 

150 


Chip Enable Access Time 

- 

120 

- 

150 

t OE 

Output Enable Access Time 

- 

70 

- 

70 


Output Disable Time from CE 

- 

50 

- 

50 


Output Disable Time from OTT 

- 

50 

- 

50 

tQH 

Output Hold Time 

5 

- 

5 

- 


AC TEST CONDITIONS 


• Output Load 

• Input Levels 

• Timing Measurement Reference Levels 

• Input Rise and Fall Time 


Input 

Output 


lOOpF + 1TTL 
0.6V, 2.4V 
0.8V, 2.2V 
0.8V, 2.0V 
5ns 


TIMING WAVEFORMS 



OPERATION MODE 


MODE 

CE 

OE 

A0 ^ 16 

Outputs 

Power 

Read 

L 

L 

Valid 

Data Out 


Standby 

H 

*’c 

•k 

High-Z 

Standby 

Output Deselect 

L 

H 

* 

High-Z 



H: V IH , L: V IL> *: V IH or V IL 
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TC531001 CP-12, TC531001CP 
TC531001CF-12, TC531001CF 


OUTLINE DRAWINGS 

Plastic DIP (DIP32-P-600) 

Unit in mm 



Note: Package width and length do not include mold protrusion, allowable mold 


protrusion is 0.15mm. 
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0.8± 0.2 


Note: Package width and length do not include mold protrusion, allowable mold 

protrusion is 0.15mm. 
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TC531024M2, TC531024M5 


DESCRIPTION 

The TC531024P is a 1,048,576 bits read only memory organized as 65,536 words by 16 
bits with a low bit cost, thus being suitable for use in program memory of micro¬ 
processor, and data memory, especially character generator. The TC531024P using CMOS 
technology is most suitable for low power applications where battery operations are 
required. 

The TC531024P is moulded in a 40 pin standard plastic package, 0.6 inch in width. 


FEATURES 


TC531024P 

-12 

-15 

Access Time 

(max) 

120ns 

150ns 

Power Dissipation 
Operation Current 

(max) 

40mA 

35mA 

Power Dissipation 
Standby Current 

(max) 

20yA 

20yA 


• Single 5V Power Supply 


All Inputs and Outputs: TTL Compatible 

Three State Outputs 

Fully Static Operation 

Pin Compatible with 1M EPROM TC571024D 

Package 

Plastic DIP: TC531024P 


PIN CONNECTION (TOP VIEW) 


NX. £ 

CE [ 
D15 C 
D14 C 
D13 i 
D12 t 
Dll l 
DIO I 
D9 [ 
D8 [ 
GND [ 


D7 

D6 

D5 

D4 

D3 H 

D2 t\ 

D1 

DO 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 

16 

g 18 

19 


OE 0 20 


40 3 V DD 
39 3 N.C. 
38 3 N.C. 
37 3 A15 
36 3 A14 
35 3 A13 
34 3 A12 
33 3 All 
3 2 3 A10 
31 3 A9 
30 3 GND 
29 3 A8 
28 3 A7 
27 3 A6 
26 3 a5 
25 3 A4 
24 3 A3 
23 3 A2 
22 3 A1 
21 3 A0 


PIN NAMES 


A0 ^ A15 

Address Inputs 

DO ^ D15 

Data Outputs 

OE 

Output Enable Input 

CE 

Chip Enable Input 

vdd 

Power Supply 

GND 

Ground 

N.C. 

No Connection 


BLOCK DIAGRAM 

v dd gnd 


D1 D3 D5 D7 D9 Dll D13 D15 
DO D2 D4 D6 D8 D10 D12 D14 
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TC531Q24M2, TG531024M5 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

V DD 

Power Supply Voltage 

-0.5^ 7.0 

V 

VlN 

Input Voltage 

-0.5 ^ V DI ) 

V 

v OUT 

Output Voltage 

0 ^ Vdx) 

V 

PD 

Power Dissipation 

1.0 

w 

t stg 

Storage Temperature 

-55 ^ 150 

°C 

t OPR 

Operating Temperature 

0^70 

°c 

t SOLDER 

Soldering Temperature • Time 

260 • 10 

IQ3B3 


DC OPERATING CONDITIONS (Ta= 0 'W 0 °C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V DD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

VlH 

Input High Voltage 

2.2 

- 

Vdd+0.3 


Input Low Voltage 

-0.3 

- 

0.8 


DC and OPERATING CHARACTERISTICS (Ta= 0 'W 0 °C, V DD =5V±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

V IN” 0% V DD 

- 

± 1.0 

B 

X L0 

Output Leakage Current 

CE=v IH , v oux =ov^v DD 

- 

±5.0 

x OH 

Output High Current 

V OH =2.4V 


- 

Hj 

x OL 

Output Low Current 

V ol =0.4V 

Kim 

- 


Standby Current 

CE=2.2V 

- 

2 

BQSUB 

Standby Current 

CE=V dd -0. 2v 

- 

20 

pA 

m 

Operating Current 

v in =v ih/ v il 

Iqut^ UniA 

t C ycle“T 20 ns 

- 

50 

mA 

^cycle^^Ons 

- 

45 


V IN=V DD -0.2V.0. 2 V 

Iout 31 ^ 1 * 

tcycle = 120 ns 

- 

40 

t q yc1 0 ”15 On s 

- 

35 


CAPACITANCE 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

C IN 

Input Capacitance 

f=lMHz, Ta= s 25°C 

- 

10 

pF 


Output Capacitance 

f=lMHz, Ta=25°C 

- 

10 

pF 


Note: This parameter is periodically sampled and is not 100% tested. 
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TC531024M2, TC531024N5 


AC CHARACTERISTICS (Ta-O-v. 70°C, Vdd**5V±10%) 


SYMBOL 

PARAMETER 

120ns Version 

150ns Version 

UNIT 

MIN. 

MAX. 

MIN. 

MAX. 

^cycle 

Cycle Time 

120 

- 

150 

- 

ns 

c ACC 

Access Time 

- 

120 

- 


tCE 

Chip Enable Access Time 

- 

120 

- 

g 

C OE 

Output Enable Access Time 

- 

70 

- 

70 

t CED 

Output Disable Time from CE 

- 

50 

- 

50 


Output Disable Time from OE 

- 

50 

- 

50 

tQH 

Output Hold Time 

5 

- 

5 

- 


AC TEST CONDITIONS 


Output Load 

: lOOpF + 1TTL 

Input Levels 

: 0.6V, 2.4V 

Timing Measurement Reference Levels 

Input: 0.8V, 2.2V 


Output: 0.8V, 2.0V 

Input Rise and Fall Time 

: 5ns 

TIMING WAVEFORMS 




OPERATION MODE 


MODE 

CE 

OE 

AO^ 15 

Outputs 

Power 

Read 

L 

L 

Valid 

Data Out 

Operating 

Standby 

H 

* 

* 

High-Z 

Standby 

Output Deselect 

L 

H 

* 


Operating 


H: V IH , L: V IL , *: V IH or V IL 
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TC531024P-12, TC531024P-15 


OUTLINE DRAWINGS DIP40-P-600 


Unit in mm 



Note: Package width and length do not include mold protrusion, allowable 

mold protrusion is 0.15mm. 

Note: Toshiba does not assume any responsibility for use of any circuitry 
described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said 
circuitry. 
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TOSHIBA MOS MEMORY PRODUCTS 

TC534Q00P 


DESCRIPTION 

The TC534000P is a 4,194,304 bits read only memory organized as 524,288 words by 
8 bits with a low bit cost, thus being suitable for use in program memory of micro¬ 
processor, and data memory, especially character generator. The TC534000P using CMOS 
technology is most suitable for low power applications where battery operations are 
required. 

The TC534000P has one programmable chip enable input CE/CE for device selection. 

The TC534000P is moulded in a 32 pin standard plastic package, 0.6 inch in width. 


FEATURES 

• Single 5V Power Supply 

• Access Time: 250ns (Max.) 

‘ Power Dissipation 

Operating Current: 30mA (Max.) 
Standby Current : 20yA (Max.) 


PIN CONNECTION 


N.c.C 3 
A16 C * 
A15 C 5 
A12 C 4 
A7 C £ 

A 6 C € 
A5 C 1 
A 4 C £ 
A3 C c 
A2 C 10 
A1 C 11 
AO C 12 
DO C 13 
D1 C 14 
D2 C 15 
OND C 16 




32 

31 

30 

29 

23 
27 
26 
25 

24 
23 
22 
21 
20 
19 
18 
17 


□ V DD 

□ A18 

□ A17 

□ A14 

□ A13 

□ A8 

□ A9 

□ All 

□ OE 

□ A10 

□ CE/CE 

□ D7 

□ D6 

□ D5 
DD4 

□ D3 


PIN NAMES 


AO v A18 

Address Inputs 

DO ~ D7 

Data Outputs 

OE 

Output Enable Input 

CE/CE 

Chip Enable Input 

VDD 

Power Supply 

GND 

Ground 

N.C. 

No Connection 


All Inputs and Outputs: TTL Compatible 
Three State Outputs 
32 pin 600 mil width Plastic DIP 
Fully Static Operation 
Programmable Chip Enable 


BLOCK DIAGRAM 


V DD GND 
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TG534000P 


MAXIMUM RATINGS 


SYMBOL 

ITEM 

RATING 

UNIT 

VDD 

Power Supply Voltage 

-0.5 0,7.0 

V 

VlN 

Input Voltage 

-0.5^ Vdd 

V 

v OUT 

Output Voltage 

0^v DD 

V 

P D 

Power Dissipation 

1.0 

w 

t stg 

Storage Temperature 

-55 ^150 

°c 

ToPR 

Operating Temperature 

-40 ^ 85 

°c 

t solder 

Soldering Temperature * Time 

260 • 10 

°C* sec 


D.C. OPERATING CONDITIONS (Ta=-40 ^85°C) 


SYMBOL 

PARAMETER 

MIN. 

TYP. 

MAX. 

UNIT 

V DD 

Power Supply Voltage 

4.5 

5.0 

5.5 

V 

VlH 

Input High Voltage 

2.2 

- 

Vdd 4 * 0 • 3 

VlL 

Input Low Voltage 

-0.3 

- 

0.8 


D.C. and OPERATING CHARACTERISTICS (Ta=-40 ^85°C, Vdd=5V±10%) 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

IlL 

Input Leakage Current 

Vin=o % vdd 

- 

±1.0 

pA 

IlO 

Output Leakage Current 

CE=Vih> Vqut-OV^ v DD 

- 

±5.0 

PA 

I 0H 

Output High Current 

Vqh=2.4V 

-1.0 

- 

mA 

lOL 

Output Low Current 

V 0L =0.4V 

2.0 

- 

mA 

I DDS1 

Standby Current 

ce=v ih 

- 

2 

mA 

IDDS2 

Standby Current 

CE=V DD and V IN =0V(V DD ) 

- 

20 

V A 

IDD01 

Operating Current 

v 1N =v Ih/ v IL» t cyc i e =250ns 

- 

40 

mA 

I DD02 

^IN”^I)d/^> t-cycle^SOns 

- 

30 


CAPACITANCE 


SYMBOL 

PARAMETER 

CONDITIONS 

MIN. 

MAX. 

UNIT 

C IN 

Input Capacitance 

f=lMHz, Ta=25°C 

- 

8 

pF 

c OUT 

Output Capacitance 

f=1 MHz, Ta=25°C 

- 

10 


Note: This parameter is periodically sampled and is not 100% tested. 


- L-20 - 









TC534000P 


A.C. CHARACTERISTICS (Ta=-40 ~85°C, V DD =5V±10%) 


SYMBOL 

PARAMETER 

MIN. 

MAX. 

UNIT 

c CYC 

Cycle Time 

250 

- 

ns 

c ACC 

Access Time 

- 

250 

c CE 

Chip Enable Access Time 

- 

250 

tOE 

Output Enable Access Time 

- 

100 

tCED 

Output Disable Time 

- 

80 

c OED 

Output Disable Time from OE 

- 

80 

tQH 

Output Hold Time 

10 

- 


AC TEST CONDITIONS 
Output Load 
Input Levels 

Timing Measurement Reference Levels 

Input Rise and Fall Time 


: lOOpF + 1TTL 
: 0.6V, 2.4V 

Input : 0.8V, 2.2V 

Output: 0.8V, 2.0V 
: 5ns 


TIMING WAVEFORMS 



OPERATION MODE 


MODE 

CE(CE) 

OE 

AO ^ 18 

Outputs 

Power 

Read 

L(H) 

L 

Valid 

Data Out 

Operating 

Standby 

H(L) 

* 

JU 

High-Z 

Standby 

Output Deselect 

L(H) 

H 

* 

High-Z 

Operating 


H: V IH , L: V IL , *: V IH or V IL 
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TC534000P 


OUTLINE DRAWINGS 


Unit: mm 

32 17 




Note: Each lead pitch is 2.54mm. 

All leads are located within 0.25ram of their true longitudinal 
position with respect to No.l and No.32 leads. 

Note: Toshiba does not assume any responsibility for use of any circuitry 

described; no circuit patent licenses are implied, and Toshiba 
reserves the right, at any time without notice, to change said 
circuitry. 
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ELECTRONIC COMPONENTS BUSINESS SECTOR (ECBS) SALES OFFICES 


NORTHWEST REGION 

CENTRAL REGION 

EASTERN REGION 

Toshiba America. Inc. 

Toshiba .America. Inc. 

Toshiba .America. Inc. 

1220 Midas Way 

1 Parkway North 

25 Mall Road 

Sunnyvale. CA 9*4086 

Suite 500 

5th Floor 

TEL: (408) 737-9844 

Deerfield. IL 60015-2547 

Burlington. MA 01803 

FAX: (408) 737-9905 

TEL: (312) 9*45-1500 

TEL: (617) 272-4352 

SOl THViEST REGION 

TWX: 29-7131 

TWX 710 321-6730 

Toshiba .America. Inc. 

FAX: (312) 945-1044 

F.AX: (617) 272-3089 

15621 RedhillAve. 

SOUTHCENTRAL REGION 

SOLTHE.AST REGION 

Suite 205 

Toshiba .America. Inc. 

Toshiba .America, Inc. 

Tlistin, CA 92680 

777 E. Campbell Road 

Waterford Centre 

TEL: (714) 259-0368 

Suite 650 

5555 Triangle Parkway 

F.AX: (714) 259-9438 

Richardson. TX 75081 

TEL: (214) 480-0470 

F.AX: (214) 235-4114 

Suite 300 

Norcross. GA 30092 
TEL: (404) 368-0203 
F.AX: (404) 368-0075 
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